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FOREWORD. 


This manuscript, prepared in 1945 just after the 
close of the war, presents the point of view of the 
Surgical Clinic of the University of Giessen concern- 
ing the use of the medullary nail. 


Admittedly their experience was not as extensive 
as that of other clinics but it was unique in that it 
included a number of cases originally nailed in a field 
hospital on the Finnish front by Dr. Kuentscher. The 
Giessen Clinic at that time was a general surgical clin- 
ic and was not predominantly concerned with orthopedic 
work. This manifests itself in the greater emphasis on 
basic surgical principles and less on the mechanical 
aspects of the use of the new medullary nail. 


Harry Jd. Alvis, 
Commander, Medical Corps, 
U. S. Navy. 
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es | | INTRODUCTION 


When studying the medical journals one sees at a first 
glance that the treatment of fractures, though an old and 
widely explored field of surgery, has been subject to con- 
tinuous change in the years before, during, md after the 
recent war. On the one hand this may be due to the con- 
Siderable increase in the rate of accidents before the war 
in Germany, when the growing use of motor vehicles in wider 
circles of the population as well as the work on numerous 
large building projects (Autobahn) was particularly re- 


sponsible for the increased he to injure bones ~ 

quite apart from the war casualties. On the other hand 

the development of new methods of treatment revived and 

maintained the interest of the physicians dealing with frac- 

ture treatment. The new method of treatment presently in 

the foreground of discussion is medullary nailing of tube 

bone fractures according to KUHNTSCHER a method which was 

first published in 1940. The procedure of the "stable osteo- 

synthesis" (KUENTSCHER) is described as follows: At ‘a place — 

distant from the fracture site a small incision is made and 
a lon stron and appropriately shaped “nail” is driven in-. 

_ to the medullary cavity which forges the fragments so firmly 

; ogether that, as a rule, the fractured extremity can immedi- 


_ ately be moved and after a short time can be used or subjected 
_ to weight-bear Ae without any additional external support. 

; ere several problems, some of them of a theoretical, some of 
' them of a practical and technical nature, resulting from me- 


_ @ullary nailing shall be investigated as well as the clinical 
' experience and the results collected with the patients of the 


Surgical Clinic at Giessen. 


RS 

ee So far there are only a few summarizing volumes on med- 
' ullary nailing. The first book published on the mtter was 
that of HAEBLER (1) which gave a very detailed and gratify- 
ingly outspoken report on a material comprising 250 cases. 
The author of this book also treated the details of the tech- 
nique and particularly discussed the problem of nailing gun- 
shot fractures. This study was published during the war and 
in many a respect bears its stigmata, a fact which frequent- 
ly may have been embarassing for its author too. In addition, 
mention must be made of the 3rd volume of BOEHLER's (2) 
"Technique of Fracture Treatment in Peace and War" which 
through the plentiful material (more than 500 cases, of 

which 236 were observed in the emergency hospital in Vienna 
under the direction of BOEHLER), through the systematic des- 
cription, and through the evaluation of the single cases as 
well as of entire groups of patients treated with the same 
method is of extraordinary value, as it always makes the 
personal experience of BOEHLER the center of consideration. 
AS a third study published in form of a monograph the "Tech- 
nique of Medullary Nailing” by KUENTSCHER and MAATZ (3) 
must be mentioned which, however, almost exclusively deals 
with technical problems. References to smaller studies of 
the Clinic of Kiel and other scientists who have investigated © 
the method will be made in the course of this treatise. 
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In-publishing our material, consisting of 280 cases, 
_ we want to point out right in the beginning that not all of 
_ these had been treated in the Giessen Clinic in the first 
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Stage of their injury. Some of them were previously treated 
elsewhere and they were admitted at Giessen for expert ex- 
amination, and for the continuation of treatment. One or 
the other reader may believe that the number of cases, par- 
ticularly of those treated by ourselves is small and it e- 
ven may be that some who have a greater experience with mar- 
row nailing may deny our competence to judge and evaluate 
the method on the base of such a small number of patients. 
We do not share this opinion. The small number is due to 
the fact that contrary to other surgeons we did not apply 
the method to every fracture suitable for medullary nail- 
ing. On the contrary, right from the beginning - our first 
medullary nailings were made as early as 1942 - we main- 
tained the contention that only a very critical selection 
of those fractures for which the application of medullary 
nailing was permissible could be of value for the method. 
Nailing constitutes one of the most audacious of surgical 
enterprises. The superiority of the method was so obvious 
that it could be applied only with wellfounded judgement, 
if it was intended to promote its acknowledgement in sur- 
gery, rather than its rejection. 


| So much for the views first held by the Giessen clinic. 
On the following vages the attentive reader will observe 
the development of our attitude, 


HISTORICAL DEVELOFMENT OF FRACTURE TREATMENT 


To understand and to evaluate critically the origin- 
ality of the method and its difference from the previous- 
ly usual operative fracture treatment, a short survey on 
the historical development of the general problems aris- 
ing within the theory of fractures is necessary. Medul- 
lary nailing involves the problem of improving 4 certain 
technique and because the method calls attention to the 
principles of fracture treatment in general, even today 
one can see that quite a number of new problems have orig- 
inated from it. These problems not only refer to the me- 
thod applied for treatment, but also to the biological pro- 
cesses takin lace during fracture healing. When treat- 
ing the fractures of the extremities two exigencies always 
have to be fulfilled. The restitution of the anatomical 
structure and the restitution of the function of the in- 
jured limb. It is not possible in every case to meet 
both requirements absolutely. Sometimes in the course of 
time the demand for overcoming the structural change, 
sometimes for restitution of function was a matter of pre- 
ference determining medical action. As always, also in 
the field of fracture treatment extreme advocates of the 
one and of the oher aim were to be found. Although it 
almost seems to be a matter of course that the perfect _ 
solution is the restoration of the normally built up ana- 
tomic structure, which is the principal basis for the un- 
hampered function of the extremities, the damages caused 
by prolonged immobilization prevail in many cases even 
with an ideal reduction of a fracture, This experience 
led to the result that some of the surgeons finally dis- 
regarded the correct anatomic reduction of the fragments 
and exclusively directed their attention to the preser- 
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vation of the mobility of the joints even accepting a 
shortening of the long bones almost equal to crippling, 
if only the function of the extremity was preserved to 
the greatest extent by early exercises. Such a proce- 
dure can be regarded as obsolete in this extreme form. 
With fractures of the upper extremity and particularly 
with those of the humerus the renunciation of the per- 
fect reduction of the fragments is justified to a cer- 
tain degree, as for the hand as well as for the arm 
grasping and moving are of greater importance than cor- 
. rect axial position and equilateral length of the ex- 
tremities. For the lower extremity including the foot 
the restoration of the axis bearing the weight of the 
body and an equal length of the sound and treated ex- 
tremity certainly are of a greater significance, as in 
this case the ability to bear weight and equivalent 
lengths mean more for standing upright and walking than 
the full mobility of the joints. It is particularly the 
occurrence of late impairments of the joints of the lower 
extremity due to inadequate static stress which must be 
‘taken into account. BOEHLER e.g. is of the opinion that 
a curvation of the femur by more than 5 degrees has a 
detrimentous effect upon the joints and he insists in it 
being straightened out. 


Thus we have outlined the principal problems to be 
solved by the various methods of fracture treatment and 
from these exigencies the practical basis of every me- 
thod of treatment can be deduced. This essentially con- 
Sists of reduction and retention. The principles of the 
procedure to be followed for the reduction of dislocated 
fractures are firmly established for all kinds of frac- 
tures with the exception of single modifications and im- 
provements of the reduction technique. Since the intro- 
duction of wire extension the decision must be made in 
every individual case whether a fracture shall immediate- 
ly be reduced to the best possible position or whether 
reduction shall be achieved by traction and counter-trac- 
tion during a prolonged period of time. One may deduce 
from the development of the reduction technique that ef- 
forts have been increasingly directed to applying the re- 
ducing force to the bone, as the soft tissues enveloping 
the bones of the extremities never constitute such an, 
adequate point of application as the fragments themselves) 
For this reason the development of technique from Schmerz'"s 
Clamp and Steinmann's nail to the Klapp wire was certain- 
ly to be expected. Formerly reduction and retention not 
only were two completely different procedures but also 
required different appliances. It was the method of wire 
extension which united the two stages in one single tech- 
nical and instrumental procedure, as the wire drilled 
through the bone not only was employed as a manubrium for 
the traction to be administered for reduction which, 
thanks to R. KLAPP as well as KIRSCHNER and their dis- 
Ciples, complied in the most minute technical details 
with this requirement. In addition, wire extension was 
Capable of effecting retention. In this connection, wire 
extension takes a special place in fracture treatment. 
There is no need to discuss in detail the great advan- 
tages of the wire extension method. 


Se 


| With medullary nailing in its perfect form reduction 
and retention are again divided into two separate stages, 


but in many cases the advantages of the internal immobili- 
Zation without any immobilization bandage are so predomi- 
nant that the separation of the treatment into two stages 
is no longer a method of greater significance. 


Since the most early times of scientific fracture 
Surgery one of the best founded rules was the principle 
that no closed fracture should. be changed into an open 
fracture because of the hazard of infection. It is par- 
ticularly the debris, consisting of bone splinters, peri- 
osteum, escaped bone marrow, crushed musculature, and 
blood, which constitutes such a favorable culture medium 
for pus organisms that this rule must be maintained un- 
der all conditions. Presently even the reversed rule was 
valid according to which a compound fracture should be 
converted into a closed fracture aS soon as possible if 
it is compatible with the general principles of wound 
treatment. These considerations were the reason why o 
perative reduction was taken up fairly late, only hesi- 
tatingly, and at no time without contradiction. Doubt- 
lessly there are situations which do not permit evading 
operative opening of the fracture site and the adjustment 
of the bones under direct control of the eye, if - par- 
ticularly with old fractures - none of the other methods 
is successful. However, it is particularly the experienced 
surgeons who constantly raised a warning voice demanding 
that the indication for operative reduction be confined to 
the utmost minimum, though it may be ever so tempting to 
gain really excellent anatomical results in this way. 
Warnings have also been expressed with regard to the in- 
troduction of metallic or other stable foreign bodies aim- 
ing to retain the fracture in position, because of the 
danger of infection and the disturbance of the healing of 
the fracture. Nevertheless it must be admitted that the 
fixation ‘of the fragments at the fracture site itself by 
means of wire, bolts, pins, screws, or plates was only a 
natural step, if once it had been decided to open the frac- 
ture site. Even today this admonition should not be dis- 
regarded although some surgeons relying upon modern chemo- 
therapy may be inclined to compromise the principles valid 
so far. 


In this context we should like to call attention to 
the fact that with the introduction of sulfonamides and 
particularly of penicillin into fracture surgery ventures 
may be undertaken which in former times were not considered 
permissible. Therefore the surgeons are relieved of a great 
part of their responsibility by these drugs. 


RANGE OF MEDULLARY NAILING WITHIN THE OPERATIVE 
FRACTURE TREATMENT. 


So far medullary ociling is the only method which 


_ meets satisfactorily ‘he two most essential postulates 


of fracture treatment; M™he application of the immobil- 
izing force to the bon2 under optimal conditions and with 


 & Stability of immobilization which cannot be attained by 
_ any ather procedure. It is a well-known fact that absolute 
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immobilization is an especially important factor for frac- 
ture healing. Secondly, the insertion of the marrow nail 


can in most cases be effected from a place far distant from 


the fracture site. Therefore, when nailing a fresh uncom- 


plicated fracture, there is no need to establish a communi- 


cation between the fracture andthe outside, not even for 


‘a moment. It is a characteristic feature of the peculiar 


technic of medullary nailing that it has to be considered 
among the operative methods of treatment, but that under 
normal conditions the opening of the fracture andthe in- 
serticn of foreign bodies in the fracture area can be a- 
voided. This is in contradistinction to other operations 
made for the reduction or the retention of the fragments. 
Although in contradiction to KUENTSCHER (1), we believe 
that medullary nailing should be considered among the m- 
thods of operative fracture treatment, not only because a 
Small incision is nccessary to insert the naii into the 
medullary cavity, but also because of the possible sum- 
mation of a certain number of perilous factors seeming in- 


Significant at first glance. These involve the anesthesia - 


regional or spinal anesthesia, sometimes narcosis ~ the 
position of the patient, and the frequently prolonged dur- 
ation of the operation. GRIESSMANN and SCHUETTEMEYER (5) 
stating that "in gereral the duration of the operation 


does not exceed 10 s: 15 minutes" certainly create a faulty 


impression for beginners, as very frequently much time is 
required for the operation including reduction, fluoros- 
copy, and X-ray pictures. To these hazards must be added 
the reduction, the hazard of fat embolism, of infection, 


traumatic shock, and probably still other factors, the com- 


bination of which may have the effect that the whole pro- 
cedure assumes the character of a major surgical interven- 
tion. 


However, Since under normal conditions the opening of 
the fracture site is avoidable, one is in a position to 
maintain the basic rule and to avoid converting a closed 
fracture into an open one. At any rate, marrow nailing is 
far superior to the heretofore available methods in those 
Cases in which there is an absolute indication for opera- 
tive reduction. This statement may be made, because med- 
ullary nailing permits reducing the risk of operation to 
a minimum. Exceptions occurring when medullary nailing is 
applied shall be mentioned below. 


SUPERIORITY ANT 2ISKS OF MEDULLARY NAILING 
CATION, 


The time has con. ow to outline more sharply the su- 
periority as well as ths risks of the medullary nailing of 
fractures. Numerous puvlications permit one to survey the 
experience gained durin; the early years and to compare it 
with the results obtaiics with our patients. 


| Some general advantages of medullary nailing are be- 
yond contradiction: 2% irost the cases the patient is 


Spared a long confirznent to bed, as after the healing of 


the incision at the i«ierbtion site and with the nail seated 


firmly, there are ac ndjcctions to permitting the patient 
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to get up, and, with fractures of the lower extremity, to 
subject the broken limb early to weight-bearing. Concur- 
rently local damage of the injured extremity is avoided 

such as muscular atrophy, decalcification of the bones and 
above all ankylosis of the joints. As regards reducing con- 
finement to bed for old persons, the medullary nail is com- 
parable to the femur neck nail and it is at least possible 
to let the patients make extensive exercises in bed if for 
some other reason getting up cannot be permitted. Every 
physician knows how dangerous it is to keep older patients 
immcbile in plaster casts, or confined to bed by extension 
sreatment, as it provokes circulatory disorders, pneumonia, 
and decubital ulcers. One must add to this the immobility 
caused by the fracture pain even including insufficient respira- 
tory movements. In this connection the excellent success 

of systematic exercises in bed must be mentioned which were 
recommended ten years ago chiefly by KIRSOHNER. By the 
Stable osteosynthesis - in every case a really firm seat of 
the nail is essential - the fracture pains are relieved im- 
mediately and continuously and thus the dangers arising from 
the lack of movement can be prevented. For this reason we 
also follow the principle to nail immediately every fracture 
of the femur neck. Hance the majorisy of the general disad- 
vantages inherent in fracture treatment as practiced so far, 
can usually be abolished with one stroke by medullary nail- 
ing. By no means, however is marrow nailing permissible if 
shock is present. As the fractured bone is sufficiently sta 
bilized through the internal fixation it is seldom necessary 
to apply an additional plaster cast or extension bandage ex- 
cept in the case of leg fractures. And even in an unfavor- 
able case one can limit oneself to the application of a plas- | 
ter cast which exempts the knee joint so that it can be moved 


at an early date. If one does not want to trust the fixation 


of the fragments to the nail alone one may employ an addition- 
al walking cast. This combined with the nail permits exer- 


cises and weight-bearing at an earlier time than would be pos- 


Sible without nailing. In this case the walking cast can be 
kept smaller than could be risked without the medullary nail. 


This will be discussed together with the individual forms of 
: fractures. Since the introduction of medullary nailing we 


are relieved to a great extent of the concern for the mobil- 
ity of the joints in the proximity of the fracture. Finally 
attention may be calied to the economic factor, as in view 


of the shorter duration of hospitalization the costs are no- 
ticeably reduced for the eae as well as for the insur- 


ance company (HAEBLER (6) 


In contrast to “lie apparent general superiority of the 


' new method, as descrines above, some direct disadvantages 


must be mentioned altioucsh they are of a more local nature. - 


It was pointed out aizscady that medullary nailing is an oper- 
ative procedure, wherces the aim should be to exclude opera- 
tive intervention as wich as possible from fracture treatment. 
In this case it is not so much the operative reduction itself 
which should be avoilec, vut rather the hazard of infection 


Connected with it. ‘%« zone of debris and the hematoma pres- 
ent at the fracture stie represent an excellent medium for 
pus organisms so that «ts old principle of avoiding the con- 
version of a closed fisoture into an open one is still valid 
even in the era of svi7cnamide and penicillin treatment. Ref- 
erence to this fact was made above. Medullary nailing is a 
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compromise between conservative and operative reduction 

' and KUENTSCHER (7) deduces from this fact that it does 

_ not constitute an operative fracture treatment. Even 

- though with the ideal performance of the operation the 

fracture site is not exposed, the forcible insertion of 

the nail into the medullary cayity causes a communica-~ 

tion between the fracture and the outside which in one or 

_ the other case may give access to infection. There is no 

doubt that the more ardent supporters of medullary nail- 

ing are right in stressing the fact that the insertion of 

the nail at a distant place, which has to be considered as 

sterile, does not involve the same peril of infection as 

_ the exposure of the fracture site itself, provided t hat 

_ the operation is practiced with complete asepsis. This is 

_ particularly true if the operation is made at the site of 

_ the complicating wound. However, in spite of all precau- 

_tions the opportunity is oreated for pathogenic organisms 

_ to invade the tissue, a fact which would be completely ex- 
cluded in the ease of entirely conservative methods. Me- 

_qdullary nailing causes a breach in the principle of keep- 

' ing the fracture closed, even though it is applied at the 

_ place where danger is least. For this reason one mst 

_ take into account that the method involves a certain risk 

} of infection which, however, is not necessarily greater 

i than that of any other aseptic operation. In practice 

with closed fractures the advantages of marrow nailing pre- 

_ dominate so that the decision to apply the method is not 

‘ difficult as far as the risk of infection is concerned. 

iq 

3 
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According to HAEBLER's calculations the number of in- 
fections with the "percutaneous" nailing method amounts to 
1.5 % while they amount to 11% if the fracture cleft is ex- 
posed. The cases of infection after medullary nailing of 
closed fractures were exhaustively described by MAATZ and 
_ REICH (8) whose unreserved discussion of the failures is 


_ case histories. Therefore that study shall be subjected to 
a closer investigation here. Its authors described 14 cas- 
'€s of traumatic osteomyelitis, some of which they observed 
themselves while the others were reported to them from 
heighboring hospitals, and the medical histories of cases 
of bone infection published earlier by A. W. FISCHER and 
-MAATZ (9) were recorded again. We are of the opinion that 
for the judgement of the risk of infection due to medul- 


purulent after medullary nailing. This occurred in three 
instances. Suppuration of open fractures or after the ex- 
_ posure of the fracture site or after osteotomy cannot un- 
festrictedly be held against the method of medullary nail- 
ing as here infection theoretically could occur without the 
Nailing. A closer stu3y of the case history of these three 
_ Closed fractures reveaisd that only in one instance nail- 
ing really was the cavse of infection, and MAATZ and REICH 
umerlined the fact trat with regard to this the case stood 
_ alone among the 200 medullary nailings performed by them. 


In a 45 year old female patient (case 3) 
there was a closed oblique fracture of the left 
tibia which wes pailled without any difficulty, 
the incision ste nowever showed drainage from 
the very beginning on. When after five weeks 
the medullary nail was removed, pus was evacu- 


of particular value due to the detailed presentation of the 


lary nailing in its narrower sense only those cases are real- 
ly suitable for evaluation in which a closed fracture became 
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ated. The fracture site became purulent 
after 10 weeks and foot-joint empyema al- 
so ensued. At the time of reporting "a 
pyemic condition was distinctly visible". 


Contrary to this single observation 
of infection of a fracture originating 
from the site where the nail was inserted, 
the two other cases of infection were easi- 
ly explainable. With an 18 year old male 
patient {case 1) a metastatic suppuration 
of a closed fracture of the left leg oc- 
curred which had originated from the in- 
fected right knee-joint and various other 
hematomata also began to suppurate simul- 
taneously. Amputation of the right thigh 
had to be performed. The patient died. 
In the case of a two year old child (case 
2) with a closed fracture of the shaft of 
the femur the fracture site became puru- 
lent subsequent to a very difficult nail- 
ing procedure after which the nail protrud- 
ed too far. Infection "apparently occurred 
via the medullary cavity after the forma- 
tion of a suppurating fistula at the nail 
insertion site". The process could be con- 
trolied through incision and the final re- 
sult after 5 months was satisfactory. 


These observations show clearly that infection origin- 
ating from the nail insertion site is one of the most rare 
‘incidences occurring in the course of the treatment of 
‘Closed fractures. If one were to express the observations 
of MAATZ and REICH in per cent, the figure certainly would 
‘remain below the figures for th infection hazard of strict- 
|ly aseptic operations; this was also stressed by the above 
pment ioned authors. 


! With a total of 102 medullary nailings of closed frac- 
tures we have observed Slight infection in three cases, which, 
however, did not substantially disturb the course of the heal- 
ing of the fractures. These infections occurred in the humerus 
and in the leg. In addition we were faced with two cases of 
‘Osteomyelitis of the nailed tibia. One of these patients died 
from a knee-joint empyema which gave rise to a suppurative 

ie ombosis of the pelvic veins. 


i Quite a differert «srdstick of course inist be applied 
to all complicated fractures. This will be considered in de- 
tail below when the ina. “gation for the medullary nailing of 
“complicated and compouic. fractures will be discussed, 


3 In the chapter de.ling with the superiority and the 
risks of medullary neiiing in general, the problem of fat 
embolism must also be ciusidered, which becomes prominent 
for every surgeon used +0 anatomic thinking as soon as he 
‘commences to study ths iserrow nailing method. A minor de- 
@ree of fat embolisn i+ regularly found after every bone 
injury as was shown 5v che very thorough investigations of 
(10). Of courss it is possible that particularly in 
cases or older individuals whose bone marrow is rich in 
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tem by the pressure of the medullary nail, be it even 
jue only to an over-all rise of the pressure in the mar- 
rov cavity. It must be said here that the pressure in- 
“erease can be largely avoided, if the marrow is given oc~ 
-casion to escape while the nail is driven in, This is 
easy, as the medullary nail is no solid rod with a cir- 
povler cross-section, but is shaped like a tube in which 
the fat or the bone marrow is diverted towards the in- 
_sertion site. The nail, thorefore, does not have a 
syringe piston effect (KUENTSCHER). The expedient to 
“avoid fat embolism is to withdraw the guide-rod from 
time to time before continuing to drive the nail further 
a, if, as in the case of the femur, a guide-rod is em- 
ployed. The fracture itself also permits the contents 
of the medullary cavity to escape and thus provides a 
certain pressure equalization (RAISCH 1943). Moreover, 
allegedly there also prevails a certain overpressure in 
the marrow cavity under physiological conditions (LAR- 
SEN (11)). On the other hand the fracture site too may 
be exposed to overpressure caused by a large hematoma 
and the ruptured veins may give access to fat droplets 
be far as they are not compressed. Experience shows 
generally that the hazard of fat embolism is not great 
and that it even is a particularly rare occurrence in 
a ne case of open fractures. MAATZ attompted to clari- 
fy conditions by means of animal experiments and with 
‘guinea-pigs and dogs he nailed as many as four long 
‘bones in the same animal without a fracture being pres- 
f ent, so that the fracture cleft could not act as a decom- 
“pression valve for the overpressure in the medullary cav- 
ity. The fat embolism found hereafter was so small that 
it was practically of no bearing. MAATZ, however, points 
out that paticnts who due to their fracture and its se- 
‘qguelae are liable to embolism should preferably be ex~ 
eluded from medullary nailing to avoid any additional fat 
‘embolism, as it has the appearance that only the summation 
o the two factors becomos a real threat. HAEBLER, too, 
iscussed this problem in detail and arrived at the same 
conclusion as regards practical action. One should not 
@isregard the fact that the fatal hazard of fat embolism 
exists, though the figures for a fatal outcome due to fat 
embolism be ever so low, since only through a thorough in- 
estigation of the causes will it be possible to meet it 
effectfully. For this reason the case histories published 
y HAEBLER shall be subjected to a closer scrutiny. They 
are particularly valuable because of the analysis he made 
them. There were 6 deaths among 250 cases of medullary 
neiling. Two of them died from fat embolism, and a third 
case was also attribute) to fat embolism by HAEBLER in 
1ew of its clinical picture, although the pathologist 
denied fat embolism as the cause of death. Unfortunately 
no histological examination was made. All these fatal 
cases were cases of femur fractures. Hence it results 
that particular care should be applied to the nailing of 
the femur. FISCHER and MAAT% found one case of death 
each with medullary nailing of the femur and the leg a- 
- g 200 marrow ba ngs made before 1942. One of those 
deaths occurred afte: msdullary nailing of both legs which 
was necessitated by fpactures caused by a jump from a win- 
Gow. Among our material of more than 200 cases we lost on- 
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one patient through fat embolism subsequent to medul- 
y nailing. This was a 60 year old patient whose gen- 


“oblique fractures of the nae, Both femora were trea- 
ted with medullary nailing in one session; this was one of 
our first cases of medullary nailing. With our present ex- 
perience one must conclude retrospectively that the fatal 
embolism could perhaps have been avoided if only one side 
had been treated first, and the other side at a Laver date 
after general recovery had ensued, 


Considering the conditions of mechanical pressure one 
should examine carefully whether it would not be advisable 
in case of a large fracture hematoma to immobilize the frac- 
ture by means of wire extension until the hematoma is part- 
ly resorbed and thus the pressure of the hematoma upon tho 
marrow cavity has lessened. Moreover one should consider 
that with old fractures whose cleft is filled with callus 
or cicatrized tissue the pressure valve can bo restored 
artificially. In such cases it may perhaps be better to 
expose the fracture and to nail it after oxposure (HAEB- 
TBR) in order to avoid fat ombolism, a procedure which has 
fer be considered as an cxcoption. This consideration how- 
ever should not load to the deduction of a rule. A spec- 
dal decision mst be made for every individual case. Data 
rom the anamnesis, the: presence of adiposity, the condi- 
jon of heart and lungs, all must serve as guidesin this 
decision. 


PS 


The sole example of fat embolism shows that the method 
of medullary nailing requires a very accurate evaluation in 
every individual case. But there is no reason to reject the 
pe thod as a whole because of isolated failures. _thexe is no 


more complicated by such considerations and experiences than 
it appeared in the beginning, but it is particularly the ne- 
cessity to weigh the pros and cons in every Single case which 
attracts the attentive surgeon as every fracture requires an 
individual operation. This is not the chief reason why me- 
dullary nailing ranges among the great operations of surgery. 


A By all these considerations the whole field of indica- 
tion will be defined separately for every individual case, 
and our study shall contribute particularly to this end. In 
View of the relative newness of the method the same consider- 
ations make it advisable to restrict the method for the time 
being to hospitals in which all appliances ere available, and 
which at Teast, as regards technique, provide security by 
reliable asepsis and by the smooth applicability of all de- 
vices required for care. .l nailing and for the control of 

11 possible complications. An xray apparatus is indis- 
ensable and the best results are certainly obtained if 

© equipment permits operating with two roentgenoscopes 
simtancously, as exact reduction must be accomplished un- 


ier the fluoroscope in two planes at right angles before 
the nail is driven <u. 
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INDICATIONS FOR MARROW NAILING OF CLOSED FRACTURES. 


The indications for marrow nailing of closed fractures 
were classified by KUENTSCHER and MAATZ (12). According to 
their system the fracturesof the long bones are classifiable 
in: fractures "most suitable", "suitable", “still suitable", 
and "not suitable" for medullary nailing. Regardless of the 
opinion held about the classification of a complex biologic 
process it is obvious that in such a practical field as sur- 
gery, valuable hints are obtained by systematic classifica~ 
tion and that this is the most appropriate method to present 
the observations and the results. In this way definite rules 
may be found and possibilities for comparison gained. It is 
natural, however, that the individual classes of the topio 
must be considered with the understanding that they refer to 
the typical form of the various types of fractures of the 
long bones, that means after the elimination of all compli- 
eations. As it is not possible, however, to reduce nature 
to a rigid system it will hardly occur that the fractures 
admitted for treatment appear in their pure forms. Never- 
theless a certain simplification will always be of didaotic 
value and in this case it is left to the surgeon to use the 
schematic system for weighing the discrepancies and to clas- 
sify for instance a fracture as "not suitable" which accord- 
ing to the classification schema would be "still suitable”, 
and to exclude it from nailing and vice versa. In this 
field all of us still have to learn, and for this reason a 
certain system of consideration can only be of advantage. As 
yet no surgeon is compelled to nail fractures which he would 
rather like to treat otherwise according to his ability or 
audacity, and the non-performance of medullary nailing pres- 
ently can in no case be interpreted as malpractice. Far that 
reason KUENTSCHER and MAATZ (1945) stressed that every sur- 
geon who wants to become acquainted with the method should 
have an opportunity "to commence with a very limited range 
of indication". Experienced surgeons, among whom KUENTSCHER 
as the inventor of the method and his co-worker MAATZ have 
to be counted chiefly, may widen the range of indication. 
KUNNTSCHER and MAATZ defined their opinion as follows: "Since 
its introduction the method has proven valuable to such a 
high degree that one is right to maintain that every "nail- 
able" fracture should be treated with the medullary nailing 
method". 


When studying in detail the indications for the medul- 
lary nailing of the various fracture types we rely upon the 
assumption that the general directives discussed above will 

be considered in every individual case. The local indica- 
tion principally depends on the mechanical conditions. Af- 
ter an examination of the general condition of the patient 
and of all data recognized as important for the general in- 
_ dication for medullary nailing one will have to deliberate 
in the case of every closed fracture of the upper and the 
lower extremity whether or not medullary nailing is feasi- 
ble and in addition the question must be considered whether 
ie the reduction and retention of the fracture will be more 
successful with or without the medullary nail. This means 
_ that the surgeon must be capable of a critical judgement of 
_ his personal skill, his experience, ad his dexterity, and 
_ that he must take counsel with himself whether he will be 


=e successful when treating the fracture with a medullary 
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nail or without it. Moreover it is necessary to consider 
after-treatment beforehand, as with an increasing experience 
with medullary nailing the result will turn out that one 
tends to use it more and more because it does not lead to 
muscular dystrophy and ankylosis of the joints. It is par- 
ticularly under the view point of early exercises that one 
is entitled to such a procedure also with those fractures 
whose reduction and retention would have been practicable 
with other non-operative methods. 


As outlined above in cases of closed fractures the in- 
dication for medullary nailing is definitely determined by 
the state of the injured extremity. If there is a very ex- 
tensive hematoma associated with a considerable swelling of 
the fractured limb or even dermal vesicles it is better to 
postpone medullary nailing to a later date when the swell- 
ing has subsided, the vesicles have dried, and the skin ab- 
rasions are covered with epithelium again, provided that it 
does not require more time than one can account for with re- 
gard to the reduction. In connection with the indication for 
medullary nailing, skin abrasions on principle involve a haz- 
ard of infection which must be considered as just as serious 
asthe soiled wound of a compound fracture. Such a dilatory 
action and conservative treatment prior to reduction and the 
application of a plaster cast was usual so far in all similar 
cases. However, it shall be specifically stated here that 


for the choice of the time of medullary nailing the delibera~ 
tions in the case of a compound fracture must be entirely dif- 
ferent from those in the case of a simple fracture pe 
to recent experience. This will be given closer consideration 
below. With a closed fracture early medullary nailing is not 
the principal thing, and a dilatory treatment for a few days 
does not mean a waste of most valuable time, but it rathor 
creates more favorable local conditions for medullary nailing. 
The local indication is largely determined by the proportion 
between the bone tube and the medullary nail and reversely by 
the possibility or impossibility to adapt the nail to the bone 
tube. Here motives originating from the theory of indication 
intersect purely technical factors so that it is not possible 
to describe each of the factors separately, since they are 
linked together. This was felt by all scientists who worked 
on the medullary nailing method and we regret that sometimes 
we will be compelled to repeat ourselves here. 


‘ The width of the medullary cavity is not equal in all 
sections of the bone, but usually it is more narrow towards 
_ the middle. In consequence the nail to be driven in cannot 
_ be thicker than the most narrow part of the bone tube, This 
_ constitutes,a disadvantage as the difficulty of immobilizing 
a fracture by means of a medullary nail increases with: the 
distance of the fracture from the most narrow part of the 
medullary cavity. We shall see later during the discussion 
_ of the various types of fractures that this disadvantage can 
_ frequently be compensated without causing noteworthy compli- 
_ cations by peculiarities of technical proceding which either 
refer to the nail insertion site or to the type of nail to 
be employed. 


ee. : Medullary nailing has excellently stood the test with 

_ multiple fractures, Here the single fragments can be thread-~ 
_ €d upon the‘nail provided they still constitute whole parts 
a. the asia be ‘iit ever so short. 
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WALL fractures involving the joints have to be excluded 


from medullary nailing as fragments which still are in a fair- 


ly favorable position may be driven asunder by the nail, as 
there is no sufficient hold for the nail, and as the joints 


“are endangered by its intrusion (KUENTSCHER and MAATZ 1945). 


a) Humerus. 


- Among the fractures of the humerus those of the middle 
of the shaft and the lower third are suited best, as here 


the cavity of the humerus has its smallest Giameter. Amongst 


these it is the transverse fracture which can best be immo- 
bilized by the medullary nail (Illustration 1). The judge- 
ment of the situation is somewhat more difficult, if one is 
faced with fractures located very close to the shoulder or 
elbow joint, that means particularly in the case of frac- 
tures of the collum chirurgicum or with supracondylar hume- 
rus fractures. In the final analysis KU®NTSCHER and MAATZ 
consider all humerus fractures as “very suitable" for medul- 
lary nailing, but we do not share this opinion entirely. The 
views of KUENTSCHER and MAATZ are based upon the fact that 
for nailing humerus fractures one can proceed from the prox- 
imal end as well as from the distal end. When the medullary 
nail is driven in from the proximal end, that means from a 
spot immediately below the humerus head with the supracondy- 
lar fractures close to the elbow joint, the nail at least 
acts as a bolt and prevents dislocation of the distal frag- 
ment even if it does not find a firm hold in the distal 
fragment because this is too short,If in addition the Supra- 
condylar fractures are bedded upon an abduction splint or in 
e plaster cast, they can be held in an appropriate or fair-~ 
ly appropriate position, This frequently is really diffi- 


cult without the medullary nail. In this case the plaster 


cast and the splint need not remain for a longer time than 
until enough callus had formed to hold the fracture in 
place. EHRLICH (13) and HAEBLER (14) point to the faot that 
with the nailed humerus a distension of the fragments may 
occur due to the weight of the arm alone, that means that 


| the fragments are forced asunder. We also made this ob- 


_ servation 1 peghepe 2). According to the observation of 


_HAEBLER (15) distension of the fragments chiefly occurred 


with complicated fractures when, due to the impairment of 


the muscles, muscular traction was reduced. In such cases 


_ the danger of pseudarthrosis is imminent. One must antici- 


pate it and make the proximal or distal nailing dependent 
on whether the nail will find a firm hold in the peripher- 
al fragment. This will not always be the case. Therefore 


early roentgenoscopy is more important here than in any 
other case. The best evidence of instability of the frag- 
‘ments is the pain felt when they move. In many cases the 
“pain reveals more than anything else whether or not the 
‘fracture is sufficiently immobilized. If there was a dis- 


i) 


“tension the fracture must be reduced again by jolting, 
“and this condition must be maintained by the application 


f a splint or a plaster cast. 


BOEHLER prefers to exclude from nailing fractures less 
han 8 cm distant from the elbow joint, as he does not con- 
jider them suitable. We do not believe that every case of 
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Illustration 1. 

a) Before treatment 

b) Condition after medul- 
lary nailing from the 
distal end - small 
piece of bone was cracked 
off on the nail insertion 
site). 
Distension of the frag- 
ments. 

c) Condition after healing 
of fracture and removal 
of medullary nail. 
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nail to be driven in from the dis- 
tal end only in rare cases finds 
such a firm hold in the spongiosa 
of the humerus head that one could 
say that it is not preferable to 
immobilize the collum fracture with 
conservative methods rather than 
with the medullary nail. Just be- 
cause the retention of this type of 
fracture is usually successful even 
without medullary nailing we would 
like to regard medullary nailing as 
feasible but not as absolutely indi- 
cated. As with the fractures of the 
upper extremity there usually is no 
general indication for medullary 
nailing with the purpose of avoid- 
ing prolonged confinement to bed, 
treatment with the medullary nail- 
ing methodis not necessary in such 
cases. BOEHLER also holds that 

the fractures of the collum chirur- 
gicum may be nailed, but this word- 
ing reveals that it is not absolute- 
ly indicated, . 


It is advisable to divide the 
 Yllustration 2. humerus according to KUENTSCHER and 
pistenstee ar Fete- MAATZ into four parts instead of the 
‘ments of a humerus usual three; division in four parts. 
fracture. is apt to prevent misunderstandings. 
3 HAEBLER stated that he recently ap- 

} plies medullary nailing from the dis- 
I tal end "only to fractures in the low- 
if er third". This opinion is easy to 
defend as the nail driven in laterally through the corticalis. 
‘will find a firm hold with its nead there as well as the lon- 
ger part of the nail in the. long tube of the proximal fragment 
which is the case particularly when the most narrow part of 
the humerus is located in the proximal fragment and when the 
Mail becomes securely stuck in it. If the distal fragment is 


Very short, that means if the fracture is located in the dis- 
tal quarter of the bone, the lateral insertion of the nail is 
difficult unless one comes so close to the elbow-joint that this 
is imperilied in its turn. Moreover with distal nailing 
One is bound to proceed very obliquely in a shallow curve 
through the corticalis to the medullary cavity. This may 
cause the cracking off of small bone fragments, an oceourrence 
Which as a rule does no harm though it is undesirable (Illus- 
‘tration 3). This will happen all the more easily, as when 
nailing from the distal end one is compelled to insert the 
Nail very close to the fracture site, since there is no al-~ 
ternative if the fracture is located in the distal quarter of 
‘the bone. Although no sufficient fixation of these short frag- 
Ments can be expected from nailing from the proximal end in 
view of the above mentioned disadvantage we would like to 
give preference to nailing from the proximal end in such cas- 
@S, because it permits the retention of these types of frac- 
tures so easy to dislocate and because it prevents lateral 
displacement. When discussing the technique of medullary 
nailing we once again shall deal with the decision on whether 


i 
Mike 
£4 


\ 


i? 

My 
* 

; 


Rn ales erie 
a he Se eee es ree he pe oy 


2 OM. 2 si 4 * 
Ll = Eee eee a. 
te ean CA em 
Leura 4 ee Pe ee 


proximal or distal nailing 
should be applied, An addi- 
tional bandage insures fix-~ 
ation. 


b) Forearm. 


KUENTSCHER and MAATZ are 
very liberal as regards the 
width of indication for the 
medullary nailing of forearm 
fractures. This is revealed 
by Illustration 4 taken from 
the book of these authors. 
The typical radius fracture 
of the distal end’needs no 
medullary nailing, as treat- 
ment with the conservative 
method generally employed so 
far is usually sufficient.If 
this does not yield a satis- 
factory result, nailing also 
cannot improve’ the condition, 
Since the distal fragment is 
too short to provide suffici- 
ent hold for the nail. Like- 
wise the use of the medullary 


nail in cases of olecranon 


fractures has not proven suc- Illustration 7 

cessful as the bone which is Cracking off of wedge- 

spongy there does not hold Shaped piece of bone dur- 
the nail (KUENTSCHER and ing insertion of nail. 


MAATZ). Only a few cases of 
olecranon fracture with a 

articularly long fragment are suitable for medullary nailing 
it cetecti ons 5 and 6), BOEBHLER considers all those forearm 
fractures as not suitable, "which with their distal end are 
less than 6 cm away from the joint". KU INTSCHER and MAATZ ex- 


press it in a somewhat different manner but the result is prac- 


tically the same when they state that "all those fractures are 


Suitable for medullary nailing” the shorter fragment of which 


still has a medullary cavity long enough to permit the medul- 
lary nail to stick in it. ‘Very suitable” are the transverse 


Illustration 4. 
Width of indication for forearm (from 


KUENTSCHER and MAATZ, Technique of Med- 
ullary Nailing). All fractures within 
the shaded areas are suitable for med- 
ullary nailing. 
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Illustration 5. 


a) Olecranon fracture and frac- 

7 ture of radius head. 

b) Condition after medullary 
nailing of olecranon fracture. 


Illustration 6. 
Pa) Olecranon fracture 
b) Condition after med- 
ullary nailing 
ec) Restoration after 
removal of the nail. 


fractures of the forearm which are located in the middle of: 
the shaft of both bones. Moreover we would like to consider 


treatment with medullary nailing as particularly indicated 


in the case of oblique fractures of the middle of the shaft . 


of the forearm, as it is a common experience that their re- 
duction is difficult and that it is still more difficult to 
retain them in a good position by means of a plaster cast. 
This’ will then lead most frequently to an operative reduc~ 
tion, that means to the exposure of the fracture and to an 
operative immobilization of at least one of the fractured 
bones by means of one of the foreign bodies available for 
treatment so far. Infection and a delay of callus forma- 
tion, however, are in the background as dangerous incidents. 


No other method but medullary nailing is able to im- 
mobilize those fractures without an exposure of the frac- 
ture. HAEBIER too considers medullary nailing superior to 


such methods as e.g. the double-wire plaster cast. Operative © 
reduction is not avoidable in every case; but if one ig suc- . 


cessful in accomplishing medullary nailing while the frac- 
ture remains closed, the hazards are reduced to a minimum. 
If the nails are firmly seated exercises may be taken up 


early; in a case published by MAATZ this was feasible after 


10 days. 


If only one of the bones of the forearm is fractured 


it should be nailed, if the two bones of the forearm are 


fractured it is advisable to nail both of them. Forearm 
fractures do not occur so frequently that every surgeon 


'comes into a position to form his personal opinion about 


. 
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the suitability of the medullary nailing method for their 

treatment within a short period of time and with many cas- 
es. Therefore the literature shall be discussed here more 
thoroughly. Above all it had to be decided whether in the 
case of forearm fracture it is sufficient to nail one of © 
the fractured bones and which of the two, radius or ulna ° 


should be subjected to medullary nailing in this case. BOBH- 


IER eege applied medullary nailing in the case of a green= 
stick fracture of both forearm bones, first only to the ra- 
dius and he obtained a satisfactory result of reduction of 


the ulna too. At-first the callus also developed well on 


both of the bones, as the X-rays (16) show. After 5 weeks," 
however, the callus of the not-nailed ulna fracture was re- 
sorbed, while that of the radius remained excellent as re- 
gards shape and extent, and after 13 months there was a com- 
plete pseudarthrosis of the ulna while the radius fracture 


‘was consolidated by bone. This incident certainly is not 


the only case of that type and most probably it must be 


‘traced back to the fact that in the case of the not-nailed 


fracture the bone was resorbed within the range of the frac- 
ture cleft, as it can be frequently observed on X-ray pic- 
tures. The gap formed this way was not filled by callus 


and the nailing of the adjacent bone prevented the auto- 


matic union of the reduced fracture planes. Later on we 
shall have to deal several times with the problem of dis- 
tension. With such a condition no stimulus for the form-_ 


- ation of callus can be expected from the medullary nail- 
ing of the pseudarthrosis bridging-over the gap, as the 
firmly healed neighboring bone acts as a "distending bone". 
_ HAEBLER (17) employed other means, and he nailed the ul- 
ae: probably because the performance of medullary nailing . 
| ahs a straight nail from the tip of the olecranon is sin- 
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Be and easy. His experience, however, brought forth the 
cision to nail the simultaneous radius fracture as well 
in spite of its being in a favorable position, ‘beeause the 
proper objective of KUENTSCHER's method, the stable osteo- 
Synthesis, can only be achieved when both bones of the 
forearm are nailed. One must aim to attain this final re- 
Sult if one desires to start early exercises. If one were 
to renounce it and were to content oneself with plaster 
cast, in most of the cases medullary nailing even of one 
of the fractured forearm bones would not be necessarys If 


Illustration 7. 
a) Forearm fracture 
b) Medullary nailing of both 
forearm bones 
¢) Condition after healing of 
fracture and removal of med- 
ullary nailse 


i+ 48 possible, however, to 
subject both bones to medul- 
lary nailing, KUENTSCHER's 
method in cases of forearm 
fractures doubtlessly yields 
better results than the other 
methods. The Giessen clinic 
was reluctant at first to ap- 
ply medullary nailing to both 
forearm bones (Illustration 7) 
Simultaneously. This is quite 
natural as formerly conserva- 
tive fracture treatment was 
exercised in the clinic, and 
we shied from the use of met- 


° ~*~ ° 
allic foreign bodies of such a big size. The tendency to 

be satisfied in cases of forearm fractures with a purely 
conservative method is an explanation for why today only 

few experiences with medullary nailing of closed forearm 
fractures are available. The majority of cases represents 
open yt ore with slowly healing fractures, with fractures 
healed in an unsatisfactory position, and with pseudarthroses 
ine vee forearm fractures, At first we used to nail the radius. 
Ulnar pseudarthrosis as observed by BOEHLER, did not occur 
among our cases (Illustration 8), but in view of the small 


Illustration 8. 
| a) Fracture of the shaft of the 
forearm. 
b) Condition after nailing of 


radius 

¢) Condition after healing of 
fracture of both bones and 
after removal of medullary 


nail. 


number of forearm nailings 
performed in our clinic, 
this does not mean anything. 
For a critical evaluation 

of the method one failure is 
mere important than many 
successful treatments, be 
they ever so satisfactory, 


_ * 
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as it reveals the possibility of failures and suggests the 
measures of prevention. This observation and the opinion also 
held by HAEBLER that only by medullary nailing of both 
bones of the forearm a stable osteosynthesis is established 

| induced us later to apply medullary nailing to both fore- 
arm bones. We should, however, like to warn not to enforce 
this goal under all circumstances, if there are technical 
difficulties or counter-indications of another nature. 


c) Femur. 


Medullary nailing was first performed on the femur. 
}This is a natural consequence of the fact that the medul- 
lary cavity of the femur alone among the marrow cavities 
}of the long bones resembles a straight tube. One can em- 
}ploy an absolutely straight and rigid nail. The insertion 
Site which is located medially to the tip of the trochan~ 

ter major permits the insertion of the guide-rod and of. 
the nail right in the final direction. For this reason 
very favorable technical conditions prevail for the pr- 
formance of the procedure. Nevertheless we must consider 
carefully what fractures of the femur shall be treated with 
medullary nailing (18). It is particularly BOEHLER who 
points out explicitly what hazards of operative fracture 
treatment too freely employed so far can be avoided by 
the KUENTSCHER method particularly in the case of the fe- 
mur. The literature references about incidents including 
the death of the patient reported by BOEHLER (19) which 
have occurred in the course of operative fracture treat- 
ment involving the exposure of the fracture site are tru- 
ly frightening. By means of KUENTSC "s modullary nail, 
which is inserted far distant from the fracture site,this 
Whazard can be eliminated in the majority of the cases. 
With the nail firmly seated the opportunity to take full 
advantage of the method is so great that it is worthwhile 
in every case to consider whether or not it is permissible 
50 renounce this favorable outlook for treatment. BOEHLER 
is justified in raising objections against an uncritical 
operation of the fomur fracture whon there is only lateral 
displacement of the fragments the reposition of which ac- 
erding to his experience is not as important as to per- 
lit or indicate the exposure of the fracture. Lateral dis- 
Placements will be casily corrected by medullary nailing as 
ell.- If, therefore, with closed femur fractures considered 
vith a view to the site of the fracture, doubts are raised 
Whether or not medullary nailing may be applied, that means 
one is convinced that one is able to yield as satisfac- 
ry results by conservative treatment as by treatment with 
dullary nailing, the general indication is decisive. Age, 
eneral health, shorter or longer confinement to bed, and 
11 other considerations of this kind will very frequently 
Speak in favor of medullary nailing and with an increasing 
perience the decision to apply marrow nailing will become 


jincreasingly easier, as observed by ourselves and other 
geons. 


A matter of greatest import is to accurately follow 

he rules for the reduction which in any case - here as 
Well as with other bones - must be performed prior to med- 
ullary nailing. The marrow nail is no reduction appliance, 
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but it merely serves for the purpose of retention; it con- 
stitutes a splint which is applied inside the bone instead 
of outside. Reference to this was made above, but it is 
just with the femur fracture that these elements must be 
observed with particular care, and it is for this reason 
that we would like to call attention to them once again 
when these fractures are discussed. 


The technical performance of the medullary nailing 
of the femur sometimes may be easy und under favorable 
circumstances may be accomplished within ten minutes. But 
that should not lead to extend in the case of the femur 
the indications for the medullary nailing of fractures 
farther than with other bones, because if difficulties 
of technique occur it is particularly here that they cause 
complications involving even danger to life. 


The marrow cavity of the femur is larger than any o- 
ther and in older persons it, therefore, has the greatest 
fat content, so that here the hazard of fat embolism is 
greater than with other bones. This finds its expression 
in the fact that the majority of fat emboli associated 
with the medullary nailing were observed particularly 
with the femur. Shock, position of the patient, spinal 
anesthesia, size of the nail as a foreign body, all these 
circumstances assume importance with the medullary nail- 
ing of the femur fractures which influence much more the 
‘whole organism than it is the case with fractures of the 
Smaller bones. Therefore, with the femur fracture cau- 
tion is advisable in every regard. After critical examin- 
ation of the failures FISCHER and MAATZ (20) arrived at a 
similar opinion, and they wrote: "The deaths occurring af- 
ter medullary nailing of the femur and the leg reveal that 
this operation which really is not great may be the decisive 
factor for the fatal result when there are other simultaneous 
injuries. This does not mean that some of the patients would 
not have died if marrow nailing was not performed". 


i HAEBLER goes so far as to contend that medullary nail- 
ing of the femur is more difficult than any other type of 
dullary nailing. This fact, however, is traced back by 
him to the difficulties of reduction. More recently with 
increasing experience his opinion might no longer be valid 
in this pointed manner. The technique of reduction will be 
‘discussed in detail below. 


‘. The technical difficulties may be set aside to a great 
extent, nevertheless there remains the question of what is 
the indication for the medullary nailing of the various types 
of femur fractures. Particularly suited for medullary nail- 
ing are the transverse and the oblicue fractures (Illustra~- 
tion 9, 10, 11). According to KUENTSCHER and MAATZ the 

Most suitable range for medullary nailing of the femur shaft 
fracture is located at least 6 cm below the trochanter ma- 
jor and at least & cm above the condyles. Medullary nail- 
ing was extraordinarily successful in case of multiple frac- 
: (Illustration 12) the fragments of which can be thread~ 
ed upon the nail (see also BOEHLER (21) and EHALT (22). For 
the treatment of the subtrochanteric fractures a specially 
Shaped nail is required (see Technique), The long spiral 
fractures are less suitable, as with these the medullary nail 
‘frequently does not find sufficient support, and as it is not 
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Illustration 9. 
a) Short oblique fracture 


! of femur shaft 

b) Condition after medul- 
lary nailing 
¢) Condition after heal- 
| ing of fracture and re- 
moval of medullary nail. 


possible to avoid the danger 

of rotation. Nevertheless ex-~ 
cellent results may be obtained 
with the spiral fractures (Il- 
lustration 13 and 14). As soon 
as additional supports such as 
plaster bandages or wire exten- 
sion are required for the re- 
tention of the fracture, the 
medullary nailing method is de- 
'prived of its most essential 
advantage: immobilization while 
‘Movement is unimpeded. Here it 
becomes a doubtful procedure a- 
gain, as in such cases the ques- 9c 

tion arises whether it is per- 

‘Missible to apply medullary 

Nailing if its superiority cannot be fully penaudied: and 
whether one rather is not obliged to renounce its use and 
to spare the patient this operation which under favorable 


| Illustration 10, 
a) Short oblique fracture of 
femur 
b) Condition after medullary 
nailing. 


Cracked off bone piece 

¢) Condition after healing of 
fracture and removal of 
medullary nail. 


conditions, however, eliminates 
all disadvantages of the conser- 
vative method. 

A type of femur fracture 
whose treatment, as is well 
known, may cause considerable 
inconvenience is the supra- 
condylar fracture. With this 

: ype of fracture one constant- 
ly has to opnose the tendency of the peripheral fragment to 
deviate at an angle from the longitudinal axis and it is par- 
ticularly here that many methods were suggested endeavoring 
€.g. to accomplish treatment with several wires pierced 
through the bone. Due to the shortness of the distal frag- 
ment with these fractures a satisfactory mechanical fixation 
of the medullary nail will be possible in very rare cases on- 
ly. Here the conditions are somewhat similar to those prevail- 
ing with the supracondylar fracture of the humerus. But par- 
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Illustration ll. 
a) Transverse fracture of femur 
b) Condition after medullary nailing 
¢) Condition after healing of frac- 
ture and removal of medullary nail. 
Formation of bone resembling exos- 
tosis above fracture. 


—————— 
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Illustration 12. 

a) Multiple fracture of femur 
b) Multiple fracture of femur threaded 
upon medullary nail 
¢) Condition after healing of fracture 
and removal of nail. 
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) . Illustration 13. 
a) Spiral fracture of femur with frac- 
ture line extending to knee-joint 
(leg of same extremity amputated) 
Condition after medullary nailing 
and progressive state of fracture 
healing.Five years after medullary 
nailing the nail is still in place 
without causing discomfort, 
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Illustration 14. 7 
a) Long spiral fracture of femur 
b) Condition after medullary nail- 
ing and progressive state of 
fracture healing. | 


ticularly with these fractures medullary nailing is very 
helpful as it prevents the distal fragment from angulation. 
There is no other method to effect it with the same security. 
Here the nail acts as a pin or a bolt. KUENTSCHER and MAATZ 
therefore consider the supracondylar femur fracture as “very 
suitable” for medullary nailing. Even though an additional 
Support (plaster bandage extending over the whole extremity) 
is indispensable (after KUZNTSCHER and MAATZ for 4 weeks) the 
favorable outlook for a satisfactory result and for the pos- 
sibility of early exercises leads to the decision to perform 
medullary nailing in the case of this type of fracture too. 
Extending the width of indication we purposely go beyond 
HAEBLER's postulate to nail the supracondylar femur fracture 
only in those cases "in which one does not succeed in retain- 
‘ing the reduction by a plaster bandage or permanent extension". 


qd) Leg. 


The indication for the medullary nailing of the leg 
fractures to a great extent depends on mechanical factors. 
One may begin by stating that only the tibia has to be 
nailed, while medullary nailing of the fibula can always 

be omitted and no other surgeons practicing medullary nail- 
ing perform it. The medullary cavity of the tibia varies 
in width. As usual the nail fits best in the most narrow 
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part which is loeated =% the borderline between the middis 
and lower thjra- for this reason osteesynthesis is most 
successfu? +2 it is applied to the transverse fractures oc- 
ousri-s 4t this level, EHALT. gensiders medullary nailing 
41€ most appropriate treatment of this type of fraoture. 

As the diameter and the shape of ‘the nail must conform with 
the medullary cavity a really stable osteosynthesis cannot 
be aocomplished with those fractures of the tibia whioh are 
located in other parts of this bone. The exyerience gath- 
ered with the so-called spread-nail is not wide enough to 
permit final opinion on it. KUENTSCHER and MAATZ attempted 
to give a yardstick for the indication for medullary nail- 
ing of the leg. As in many cases their hints are very use- 
ful for the decision of whether or not medullary nailing 
should be performed, they will be given here onoe more: 


"The minimum length of the shorter frag- 
ment cannot be given in sentimeter values, as 
the shape of the medullary cavity is in the de- 
Gisive factor. If there is a great discrepanoy 
between the smallest and largest diameter of 
the medullary oavity, that means if there is 
a considerable disproportion between the thiok- 
ness of the nail and the width of the marrow 
6avity, the range of the fractures "suitable 
for medullary nailing" moves towards the middle 
of the length of the shaft. The borderline be- 
gins where the difference between the diameter 
of the medullary cavity (m) and the diameter of 
the nail (n) is equal to or greater than the di- 
ameter of the bone cylinder (k), so that the 
fragments no longer are compelled to stand upon 
each other, but rather that one fragment can 
topple off the other " (Illustration 15). We 
shall be faced with this problem once more when 
we discuss the selection of the nail. 


Illustration 15. 


For fractures of the leg 
the proportion of the dia- 
meter of the medullary nail 


is decisive. Here the equa- 


"suitable" according to the 
Shape of the fracture. 
m- n> k 
"not suitable" 
(From KUENTSCHER and MAATZ: 
Technique of Medullary Nail- 
ing). 
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(n), the diameter of the med- 
ullary cavity at a level with 
the fracture (m), and the di- 
ameter of the bone mantle (k) 


tion is valid: m-nszoré<k = 


? ‘ 
Ne 
eye 
neh 
_ 
ia 


AG SOC} cli MMS Ait ce sua cam 
1 any 


After the medullary nailing of leg fractures one fre- 
quently is compelled to employ an external support in form 
of bedding the limb on a splint or in’a plaster cast. For 
this reason the objection is justified that with such a 
treatment of the fracture the characteristics of medullary 
nailing, the stable internal immobilization, are not brought 
to bear and that therefore it is not quite intelligible why 
medullary nailing should be employed at all, if an addition- 
al plaster cast is necessary. This is true to a certain de- 


gree and therefore the indication for the nailing in cases of 
leg fractures must be examined with special care. Experience 
Shows that with some types of fracture medullary nailing doubt- 
lessly is justified, as it yields better results than the con- 
servative methods. Its superiority finds its expression in 

the excellent retention, the restriction to short plaster band- 
ages not extending over the knee-joint, markedly earlier mobil- 
ity of joints than with conservative treatment, and am earlier 
feasibility to subject the fractured bone to weight-bearing. 
All this reduces the period of confinement to bed and hospital- 
ization considerably Tiiodtrstlon 16). These are points of 
view which are of a certain bearing for the decision whether 

or not medullary nailing should be performed. Even though no 
stable fixation can be accomplished by the nail it can be of 
excellent service in many cases by preventing the fragments 
from dislocation or bending. 


‘The operation as such, frequently is very easy to per- 

orm, but here, too, difficulties may arise which rather re- 
fer to after-treatment so that the easy technique alone should 
hot be decisive for the indication if other factors speak a- 
painst medullary nailing. Time and again KUENTSCHER's thesis 
is quoted that the nailing of the leg "may be considered as one 
of the easiest operations known", This only refers to the typ- 
cal cases and KUENTSCHER applied it expressly to these alone, 
but there are surgeons with a lesser experience and who are all 
300 ready to overlook this restriction in KUENTSCHER's state- 
nents Therefore HAEBLER, too, underlines the difficulties which 

ise particularly with the medullary nailing of old fractures. 
n the chapter dealing with the technique of medullary nailing 

shall show how to overcome them. 


Not suited for medullary nailing are the fractures imme- 
jately above the tuberositas tibiae and close to the upper 
foot joint. 


On the whole one may say about the medullary nailing of 
eg fractures that it is indicated to a lesser degree than 
mat of the other extremities. The reason for this was ex- 
ilained above. In addition one should not expect that other 
ifficulties arising during the treatment of leg fractures 
re entirely eliminated by medullary nailing. Thus, e.g. 
here is the problem of the fibula acting as a distending- 
jone and the delay of the healing of the tibia after medul- 
ary nailing which is linked to that. Slowly healing though 
failed fractures of the tibia, therefore, should not be con- 
idered as a drawback of the method, as the mechanical con- 
itions implied in the presence of two bones or the biologic- 
i fact of the consolidation of the fibula fracture frequent- 
setting in earlier, cannot be eliminated, 


_ AS regards the indication for medullary nailing of leg 
Tactures, therefore several clear directives of a general 


| Tllustration 16. 
a) Low transverse fracture of 

leg 

b) Condition after medullary 
nailing 

ce) Condition after healing of 
fracture and removal of 
nail. 


and local nature can be estab-~ 
lished. ‘he general consider- 
ations refer to the age of the 
patient, to the condition of 
his circulatory system, and to 
the hazard of fat embolism, far 
which the period of time elapsed 
Since the injury may play a cer- 
tain role (obstruction of the 
pressure valve through a big 
pressurized fracture hematoma 
or by formation of callus which 
has already set in); the local 

: considerations de pend on the 
type of the fracture, whether simple of compound, or the tech- 
nical possibilities originating from the mechanical conditions, 
and on the hazard of infection. As in every difficult oper- 
ation a certain play must be given to the skill, the experi- 
ence, and the temperament of the surgeon. 


_ This is a purely individual or psychologic factor and — 
it must seriously be taken into account, because it seems — 
to have a @ecisive influence upon the views held with re- 
gard to medullary nailing. This has been mentioned sever- 
al times, and any surgeon about to apply medullary ip tae 
should consider this factor as much as any other as decisive 
for the indication for medullary nailing. With almost all 
surgeons examining the method the observation may be made 
that from initial doubt their attitude gradully changes to 
acceptance and the same happened to us. From now on opinions 
will differ. There are surgeons wha become enthusiastic a- 
bout medullary nailing and increasingly fond of it. This 
shows in the choice of the alternative beginning with the | 
question which fracture must be nailed by all means and 
progressing to the other extreme which fracture cannot be 
nailed as yet under the present circumstances. The more 
critical surgeons who are less enthusiastic form an opinion 
on the positive and the negative sige of the problem. This 
does not mean that they are able to weigh the advantages 
and disadvantages of the method sysjematically but rather 

that their decision is accompanied by never ceasing doubts 
and the concern about the right means to be applied. It 
certainly is not incidental that such an exprienced emer- 
gency surgeon as LORENZ BOEHLER devoted a special chapter 
to the psychology of the surgeon in the third volume of 
his book on the technique of fracture treatment which deals 
exclusively with medullary nailing. 


The technique of medullary nailing may be easy and it 
may be performed quickly and elegantly, but every person 
with experience knows that incidents may occur which can 
be controlled or predicted only after long surgical prac- 
tice. This has nothing to do with surgical dexterity but 
} it may occur in every operation. Just as during an appen- 
dectomy one may be faced with unusual situations which can- 


ly in command of the typical operation, medullary nailing as 
belonging to the major operations frequently may be accompanied 
by difficulties which for their elimination require the skill 
and a certain undeterminable factor of mastership that can 
only be acquired by extensive professional experience. There- 
fore medullary nailing should not be considered as an inter- 
vention which is always easy and in no case should it be as- 
Signed to an insufficiently trained assistant. 


The surgical clinic at Giessen as one of tle first to 
take up medullary nailing was fully aware of its responsi- 
bility for the injured and it first began within very con- 
fined limits to check and develop the method. Since the ex- 
fJerience gained was favorable the clinic was able to widen 
the indication gradually in the course of the last years. 
This was done under critical evaluation of every single case 
and under regular comparison of the current reporting of 
Other surgeons, particularly of the Kiel school which, as 
the inaugurator of medullary nailing, "naturally was very 
liberal in the use of the method in order to test it" 
(FISCHER and MAATZ). In the beginning we therefore subject- 
ed only simple fractures to medullary nailing and among 
these preferably those of the femur, since the superiority 
of the new method over all others practiced so far was par- 
ticularly obvious here. The experience permitting the widen- 
ing of the range of application of medullary nailing and the 
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particularitie@ with regard to the selection of the case 
as well as théincreasing security and refinement of the 
technique leading to the same result, are revealed best 
by the publication of our material and the success and 
the failures obtained with it, 


Medullary nailing of the clavicle is only indicated 
if,there is a considerable dislocation of the fragments 
and if reduction cannot be accomplished with conservative 
methods. This is rarely the case. Sometimes, however, 
the pressure upon the brachial plexus urges operation 
(Illustration 17). 


illustration 17. 


a) Fracture of clavicula 

b) Condition after medullary 
nailing. 
Formation of callus sets in. 


TECHNIQUE OF PERCUTANEOUS MEDULLARY NAILING 


Prior to any discussion of the special problems associated 
with medullary nailing the technique shall be described as em- 
Mloyed in all the cases of the Giessen clinic and as it has 
Mieveloped there in the course of the last years. This will 
Woe preceded by an account of all those matters and appliances 
Which are fundamental for every medullary nailing. The finer 
fechnical development which has proven necessary or useful 
Wor some types of fractures shall be demonstrated when the 
Pespective section of the extremities and the treatment of 
Wits fractures will be discussed. 


q Concerning the numerous variations of the technique 
jarmamentarium etc.) special reference is made to the des- 
ription by KUENTSCHER and MAATZ. We are not so much con- 

erned with an exhausting description of the appliances 
nd instruments. and their use, but rather with the demon- 


UY for those surgeons who like ourselves are . compelled to- 
ay to rely on a minimum of technical devices, due to the 

reat difficulties in the procurement of instruments and 
pPitances. 
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_ The technique of medullary nailing is still in the 
Stage of development. If we add another technical chap- 
ter to the literature on the Kuentscher-nailing despite 
the fact that there are already several publications by 
several outstanding orthopedic surgeons, we are guided 
by two considerations. The emergency of our time has 
made us particularly conscious of the shortage of tech- 
nical equipment and the inability to manufacture special 
devices for this very technical method in Germany. This 
urges the restriction to a very simple technique in the 
field of medullary nailing. This may even be considered 
as an advantage. Thus attention is focussed on the har- 


On the other hand one’ should not forget that particularly 
in fracture treatment, where there is a preponderance of 
the mechanical requirements, a specified technical outfit 
simplifies the execution of the tasks even for those tech- 
nically less endowed, improves the results, and thus best 
serves the patient. Seen from this angle we must regret 
many a gap in our equipment as being a considerable dis- 
advantage. When describing our experiences and results, 
however, the description of the methods by which they were 
obtained is a matter of necessity. 


The lack of a practical reduction appliance was al- 
ways considered a particular handicap. The exact anatomic 
reduction of the fragments should always precede medullary 
nailing, because only in this way does the operation re- 
main a relatively minor procedure. One must postulate that 
Such an appliance secures retention of the fragments at 
least during the insertion of the nail. This postulate is 
apparently met by the reduction appliance of MAATZ (23)(2h). 
‘We do not dispose of this "Kiel model" and ve had to rely 
on auxiliary devices. Other reduction appliances have been 
designed specially for the leg and the humerus by LINSMAYER 
(25) and by WITTMOSER (26). We always had excellent re- 
sults with BOEHLER's screw extension apparatus which was of 
‘special use for the medullary nailing of the leg fractures. 
BOEHLER (27) also described special devices. 

Another difficulty lies in the manufacture of special 
‘types of medullary nails. We, as well as most surgeons, 
are dependent upon using machined marrow nails available 
commercially. It is auite obvious that the nail really 
‘should be specially shaped according to the bor for which 
it is intended. The ideal condition would be that for every 
bone an appropriately fitting nail could be chosen or manu- 
Tactured. Apart from the fact that today there are no means 
as yet to transmit the dimensions of the bone onto the med- 
tullary nail, as the shape of the foot is transmitted onto 
the foot support, there are, nevertheless, certain cases in 


in its shape by the bone or by the shape of the fracture 
would be desirable. It would at least be an advantage to 
dispose of a stock of specially shaped medullary nails in 
addition to the nail sets presently available. Such nails 
were recommended by KUENTSCHER and MAATZ for particularly 
wide medullary cavities. Moreover it is desirable to dis- 
pose of nails armed with saw-teeth for the perforation of 
those sections of the medullary cavity which are obstructed 
by solid callus. They are required when refractures or 
fractures with a delayed callus formation are to be nailed. 


mony between physiology and technics, biology and mechanics. 


which the special manufacture of the medullary nail determined 
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‘ in indispensable requirement for medullary nailing is 
an extension table or an operating table with an attachable 
extension applianoe. It is quite out of the question to 
undertake medullary nailing without extension appliances, 
and no surgeon should be allowed to attempt such an enter- 
prise relying on his technical skill, and it should be con- 
Sidered as an obvious lack of responsibility if such a 
thing were to occur. For the medullary nailing of the low- 
er leg something like BOEHLER's screw extension apparatus 
also is indispensable. Lacking the special apparatus, ex- 
tension appliances for all directions must be available for 
reduction. 


A further basic requirement moreover is sufficient as- 
sisstance. This refers to a lesser extent to the operation 
itself which with the so-called percutaneous medullary nail- 
ing is a minor operation only. Only medullary nailing com- 
bined with an exposure of the fracture and operative reduc- 


tion necessitate the presence of one or two assistant surgeons. 


This does not go beyond the practice employed in all other 
operations, When commencing even the seemingly most simple 
medullary nailing operation, one must be prerared in case un- 
foreseeable circumstances suddenly require operative reduction. 
In this case the operation is considerably more extensive. In 
cases where unsuccessful efforts force one to extend the oper- 
ation, the procedure should be concluded as promptly and care- 
‘fully as possible. Such action should not be handicapped by 
insufficient assistance, One therefore can only give the 
urgent advice not to begin by underestimating marrow nailing 
as an operation and little service is rendered to the patient, 
to the method, and to the reputation of the reSponsible surgeon 
by a failure. This may also be considered as a hint to the 
fact that no medullary nailing should be undertaken in hos- 
pitals with an insufficient number of medical personnel. The 
Special role of the fluoroscopist shall be mentioned below. 


One of the most important requirements is a suitable 
X-ray apparatus. It should be possible to screen the nailed 
extremity on e operating or extension table as well as to 
take X-ray pictures of it. It would be most appropriate, of 
‘course, to have two X-rays at hand, as fluoroscopy should al- 
Ways be available in two planes and as the readjustment of a 
Single X-ray tube requires some time during which the reduced 
fracture may be disturbed. Reduction, therefore, is always 
checked with the fluoroscope; it even would be preferable to 
accomplish it under fluoroscopic observation, at least as far 
as the final adjustment is concerned. Then it usually is 
easy to introduce the medullary nail. The length of the 
medullary nail my also be determined before the insertion 
by simply laying it along the injured extremity with simul- 
taneous fluoroscopy. From these conditions the question 
emerged repeatedly who really is the more important person 
ing medullary nailing, the surgeon operating the fluoros- 
cope or the surgeon driving the nail in, because there is 
no doubt that the most important part of medullary nailing 
is reduction for which the screening surgeon is responsible. 
Whe maintenance of asepsis seldom permits the operating 
Surgeon to check the result of reduction himself. There is 
nothing more disastrous during medullary nailing than in- 
Sufficient asepsis. Though the most important part is as- 
signed to the fluoroscopist, and the operater has to rely 
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- fully on him, we always maintained that the full respon- 
sibility for medullary nailing lies on the shoulders of 
the operating surgvon who accomplishes the operation pro- 
per, be it ever so small and easy to perform. Screening 
is a matter of the assistant. However, one may also pro- 
ceed otherwise, making it more easy for the operating sur- 
geon to bear the responsibility: he is to reduce the frag- | 
ments first and immobilize them by an appropriate appliance 
or by reliable extension appliances, to prevent the frag- 
ments from re-dislocation while the nail is introduced. 
Only after reduction is performed are the hands to be 
scrubbed and the medullary nail driven in. In this case 
the screening assistant is charged with thet ask of check- 
ing the fitting of the nail in the medullary cavity, the 
passing of the fracture site, and of checking the lower 
limit to which the tip of the nail may or shall be hammered 
in, Little time is lost when such a procedure is employed, 
and through the certainty about the position of the frag- 
ments as well as the personal knowledge about the conditions 
prevalent in the fracture obtained during reduction, as well 
as by the recognition of the tendency of the fragments to 
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dislocate, thisloss of time is amply balanced for the operat- — 


ing surgeon. Such observations sometimes exert a consider- 
able influence on the introduction of the nail. Thus, for 
instance, in sane instances successful passing of the frac- 
ture site is only possible, when the tip of the nail is 
pointed downwards or to one side. These are details of tech- 


nique which may be decisive for the practical performance of 


the operation. 


Medullary nailingshould not be performed without a port- 
able roentgenoscope, the so-called cryptoscope (Illustration. 
18). Roentgenograms are no substitute for the control of the 


| Illustration 18. 
| Cryptoscope according to BRAUN, For 


operation and reduction the surgeon 
looks through a “noephan" glass (speci- 
ally smoked glass) without taking off 
the cryptoscope (after BOEHLER: Tech- 
niague of Fracture Treatment). 


mobile fragments and it may frequently happen that unfore- 
seen difficulties of reduction occur requiring so many roent- 
' Bpenograms in two planes that the whole operation becomes ex- 
pensive and dangerous to the patient and the staff. When 
proceeding with the aid of the cryptoscope strict attention 
has to be paid that neither the roentgenologist nor the en- 
tire operating group are exposed to the damaging effect of 


ect themselves against the X-rays, the effect of which adds 


ys with frequent medullary nailing, - The patient is exposed 


to the irradiation only for the short period of the surgical 


part of the intervention. BOEHLER devoted a short but im- 
pressive chapter of his book to the pwroblem of protection a- 
gainst irradiation. 


There is not much to be said about the basic stock of 
instruments (Illustration 19). It does not require mention- 
ing that the medullary nails should be availeble in all usual 
lengths and diameters. 
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Illustration 19. 
Instruments for meduidlary nail- 
- ing. 7 


|}Experience has shown, however, that some surgeons were so 
peager to begin with medullary nailing that they commenced 

fit without even having an oxtraction instrument (28). This, 
[however, is just «s important as the nail and hammer, be- 
cause it is by no means the rule that the first nail will 
Tit correctly with the first insertion. If in such a case 
‘one is compelled to extract it again, one will be astonished 
in the beginning of the great amount of force necessary for 

| this and 2l]1 other solutions will either not lead to the de- 
jsired result at all, or only after prolonged attempts. All 
ithis can be avoided by using an extraction instrument. We 
have always obtained very good results with the so-called ex- 
raction-hook and the slotted extraction-hammer. We had un- 
satisfactory results with the construction of a traction pul- 
Bey, in which a wire threaded through the nailhole was wound 
Up on a windlass and pulled the nail out of the medullary 
Cavity. The wires broke, or the windlass pressed into the 
bone and caused inconvenience by tissue damage (29). Never- 
theless it may occur that. no force is able to move the nail 
forwards or backwards. Then the only means is to saw it 

otf level with the wound. Therefore a metal saw which can 

be sterilized also belongs to the standard set of instruments. 
In Such cases one must wait until the bone atrophy setting 

in around the nail in the course of time permits the removal 
f the remnants of the nail after a few months. The frac- 
@ture then of course cannot be treated by medullary nailing, 
Wand the conservative methods must be usede 


rays. The @edioat Coe ancl gould endeavor to pro-. = 


. artes hha hore discussion ieee oh the appliances and 
‘instruments which are the same in all types of medullary nail- 
ing, the special details for each type of fracture will be des- 
-eribed, In accordance with the purpose of this treatise we 
shall confine ourselves to our own method. References con- 
cerning discrepancies from the general literature shall be 
given wherever necessary. We will assume that we have to 
deal only with simple fractures and for better survey we chall 
at ei describe only that part of the technique which is 
typical. 


; a) Humerus. 


The technique to be applied on the humerus shall be des- 
ceribed in all details with the purpose of outlining our tech- 
nic as completely as possible, as many particulars can be 
shown which are repeated with every medullary nailing so that 
one can refer to them when the remaining extremities are dis- 
cussed. | 


_ For the medullary nailing of humerus fractures we either 
employed general anaesthesia or plexus anaesthesia. The lat- 
ter makes the intervention as a whole less trying, but we con- 
tend that it is not permissible to insist on the performance 
of medullary nailing under plexus anaesthesia. When the pa- 
‘tients are very anxious or nervous, general anaesthesia is 
more convenient for the surgeon as well as for the patient. 
Finally one must consider whether or not reduction can be ef- 
fected without the complete elimination of the mscular ten- 
sion. Local anaesthesia was employed in very rare cases on- 
ly, and even KUENTSCHER and MAATZ have recommended it only 
th the forearm. BOEHLER shows more liking for local anaes- 
‘thesia, but for the humerus he prefers conduction anaesthesia, 
while for the lower extremity he is more fond of spinal anacs=— 
thesia, Generally speaking local or conduction anaesthesia 
loffers the advantage | of facilitating the ilegey on: of the pa- 
erent Py 


q A matter of the greatest importance for any kind of re- 
duction is the position (Illustration 20) of the body and 
lof the extremity an res requirements must be fulfilled: 
One of them is to accomplish the reduction of the fragments 
as smoothly as possible, another to take care that the nail- 
fing procedure can be performed without a second change of 
ithe position. The third requirement is that the fluoroscopy 
which is indispensable for the two above mentioned procedures 
should not be impeded by the position of the patient. During 
ithe medullary nailing of the humerus the patient is to be 
‘laid in dorsal recumbent position and the shoulder of the in- 
jured side should slightly project over the edge of the opera- 
iting table. BOEHLER used to put the injured extremity in his 
serew extension apparatus. The thorax has to be fixed to the 
operating table with a large unpadded belt which is applied 
iclosely below the axilla. The shoulder joint as well as the 
elbow joint are bent to 90 degrees. Thus it usually is easy 
to accomplish the reduction of the humerus fractures by ex- 
tension and counter-extension - if necessary by means of a 
re pierced through the proximal end of the ulna. KUENTSCHER 
land MAATZ recommend traction with a cuff applied to the hand 
while the arm is extended and abducted by 45 degrees in the 
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shoulder joint. If thore is no oxtension apparatus care has 


o be taken that a sufficicnt number of assistants are present 
no are strong onough to kesp the reduecd fracture in the | 


position desired. 


illustration 20. 


a) Position for humerus 
nailing in the screw 
extension apparatus 
aftcr BOBHLER 


b) Position for humerus 
nailing after LINSMAYER 


¢) Position for humerus 
nailing after WITTMOSER 
(From BOEHLER, Technique 
of Fracture Trcatment ) 


ad) Position for humerus 
nailing after KULNTISCHER 
and MAATZ (From Technic uc 
of Medullary Nailing) 


“The ee nett has to be selected of appropriate 
length and diameter. its length does not dc pend on the 
length @ tho fractured bone, but it ratlier must be taken 
‘into account that the medullary nail will have to extend 
from the insertion site to the upper or lower portion of 
the bone; it therefore has always to be shorter than the 
bone. The length of the medullary nail, however, may also 
‘be determined after the area to be operated is draped by 
‘placing the nail upon the covering sheet, and then its 
‘length can directly be compared by fluoroscopy with the 
bone. -The determination of the correot diameter of the 
‘medullary nail causes more difficulties. Its thickness 
has to depend on the most narrow part of the medullary 
cavity. Too thin a nail does not provide a stable osteo- 
Synthesis. In this case the fragmonts will be loose and 
the operation will end as a failure. If the nail is too 
‘thick it may not be possible to drive it beyond the most 
‘narrow part of the cavity. Still more harm is done by 
forceful insertion of too thick a nail with the final re- 
‘Sult that the bone bursts asunder. Although this seems 

‘to be a rare occurrence it means a hazard involving an 
injury which should be avoided by all mcans. Sometimes 
ismaller parts of the bone are cracked off in the area 

near the fracture. Even though it does not result in an 
lirreparable damage it means a lack of care chargeable to 
(the operating surgeon. KUENTSCHIIR and MAATZ recommended 
la “metal scale" to be laid alongside at a level with the 
fbone before the first roentgenogram of the fracture is 
taken. If the focal ray is directed through the scale 

land the center of the bone, an equivalent perspective is 
lobtained upon the X-ray film. Every step of the scale is 
f@ mm. long. The steps are valid for the longitudinal axis 
lof the extremity and thus it can be avoided that the tor- — 
ision of the measuring scale acts as 2 source of errors. ee 
Thus the width of the medullary cavity can be read off with 
‘the first roentgenogram taken. BOEHLAR, as well as our-~ 
selves, so far has had no reason to use this auxiliary. 
With the usual focal distance of 80 cm., which mst remain 
the same for all pictyres, 1 mm. must be subtracted from. 
mthe medullary cavity shown on the roentgenogram of the 
Mumerus, because of the enlargement of the proportions 
eaused by the distange of the bone from the film. The lu-. 
men of the most narrow part varies between 6 and 9 mm. in 
edults, It really makes no difference which method is em- 
ployed; as long as it is always the same. A free estimate 
ef the thickness of the nail is in no case reliable. 


1 With fractures ef the humerus the surgeon must decide 
whether he is to drive the nail in from the proximal or 

rom the distal end. Experience revealed that especially 
in the case of the humerus a really stable osteosynthesis 
has not always begn obtained. There were axial angulations 
Occurring after nailing or it happened that subsequent to Re 
the operation the fracture-cleft was gaping when the arm Ne 
hung down and when it was not placed in an additional splint. 
these failures were particularly observed with the fractures 
Of the humerus above the middle and after the insertion of . 
she nail from the distal end. The explanation for these 
‘ailures is implied in the mechanical condition created by 
the shape of the medullary tube and its relation to the 

nail. These relations may be demonstrated by a schematic 
design in the form of a construction plan (Illustration 21). 
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Illustration 2l. 
Schematic demonstration of the points 
- of attachment of the medullary nail 
in cases of differing widths of the 
medullary cavity of both fragments. 


The medullary cavities of both fragments form two cylindric 
tubes the upper of which, in accordance with the width of 
the medullary cavity of the humerus, increases towards the 
proximal end and assumes the form of a hollow conc, of a 
pear, or in extreme cases of a ball. The internal immobili- 
zation within such a system can only then guarantee a suf- 
ficient stability if it is applied in every fragment on 
two different points at varying levels. This accomplishment 
generally has to be aimed for in every case of medullary nail- 
ang, no matter what bone is involved. In cases of fracture 
an the upper and middle third, oxcept for the subcapital 
fractures, it is recommendable to perform nailing from the 
proximal end, Then the medullary nail finds a firm hold in 
the proximal fragment at the point where it perforates the 
orticalis, and torsion is prevonted, while the lower part 
of the nail by intcrnal mechanical friction is jammed in 
the relatively long section of the medullary cavity which 
at this place is more narrow. If the fracture is located 
Mear the borderline of the lower third or still farther be- 
tow, it is more advisable to insert the nail from the distal 
6nd, as in this case the short distal fregment is retained 
by the nail jammed in its corticalis and as the long fric- 
Zion surface lies in the upper parts. ‘ie have pointed out 
above that for reasons of clarity in the nailing technique 
KUZSNTSCHER and MAATZ divide the humerus in quarters. They 
@o this principally with the purpose to discuss their pro- 
Cecding in the case of a very short proximal or distal frag- 
Ment. These short first or fourth quarters cannot be fixed 
With cither end of the nail to such an extent that a firm 
Tixation is obtained. We doubt whether medullary nailing 
from the distal end recommended for the treatment of frac- 
ture in the first (proximal) quarter, really offers such 
@ firm hold to the tip of the nail located in the spongiosa 


ot the upper part of the humerus that an adedeional Sue cont 
becomes superfluous and immediate exercises can be taken up. 
We believe that subcapital fractures of the humsrus are not. 
suited for medullary nailing. In case of a fracture in the 
upper quarter, which is located only a little below the typ- 
"ical subcapital fracture, medullary miling from the proximal 
end is usually impossible, since it may easily oecur that. the 
“short fragment Splinters when the nail is driven in and sinée 
tthe medullary nail does not obtain the hold desired if this 
“happens. Moreover there is the danger that the fracture hema- 
_ toma is opened when the incision is made ovor a fragment which 
‘is too short. This has to be avoided by all means as it woulda 
)be equivalent to the exposurc of the fracture site. This is a 
»yoint which has to be considered in all cases. Medullary neail- 
‘ing from the distal end in these cases can only serve the pur- 
'pose to prevent the fragments from sliding off and therefore 
)Tepresents only an sid to the retention accomplished by the 
"application of a splint, of a plastcr cast, or by extension, 
put it does not represent the retention appliance proper. The 
psame is valid for the fractures in the lower quarter. There 
Pare exceptions from this rule and quite in contrast to the 
"above mentioned considerations they evon gave good results. 
'They will be discussod later when the specinl experiences of 
mour clinic will be recorded. Here we want to describe the 
_typical procedure to be established as a rule. For the de- 
“eision whether a humerus fracture is to be nailed from the 
"proximal or distal end the approximate rule may be set that 
"the tip of the nail should be located in the shorter frag- 
"ment if this is very short. Thorefore fractures in the up- 
Hper quarter have to be nailed from the distal ond, those “n 
-the lower quarter from the proximal end (KUSNTSCHER and 
MAATZ) ; this shall, however, not be maintained as a schematic 
“dogma, but it only should facilitate the choice of the direc- 
tion from which the medullary nail is inserted in individual 
cases, 


‘ ‘When ine medullary nail is driven in from the proximal 
end, the insertion site is located closely below the tuber- 
culum majus, that means on the anterior side and slightly 
lateral when the patient is in the position as outlined a- 
‘bove. One must keep to this spot as otherwise one easily 
“penetrates into the subdeltoid sulcus or as it may occur that 
‘the nail hits the acromion during abduction. After blunt 
separation of the deltoid musculature the muscle parts are 
held apart by hooks. Then one feels one's way with the left 
"index finger to the bone. It is not absolutely necessary to 
‘have the bone under direct view. Then the awl is set onto 
‘the bone under the direction of the finger and the oblique 
“tract is pierced through the corticalis extending into the 
medullary cavity. The oblique course of the perforation 

S most important for the insertion of the nail. We made 

he experience that there is no need to widen the hole made 
Nith the awl with a chisel or a drill, provided the awl is 
‘thick enough to pierce a hole large enough for the tip of 
‘the medullary nail. The awl-may be used simultaneously as 
guide rod for the nail and the first hammer-blows may be 
“made with the awl in place. The medullary nail is driven 
“in under an angle as small as practicable, that means as - 
“close along the longitudinal axis of the bone as possible, 
ntil it can be anticipated that its tip has arrived at the 
racture cleft. If the medullary nail meets with resistance 
eferchand, a fact freauently to be recognized by a change 
a the note of the hammer-blows, the tip has caught in the 


compacta in the opposite wall of the medullary cavity, and 

it must be withdrawn slightly or driven back, and one should 

_ try to diminish the angle still more. This really harmless 
incident can almost always be avoided if the hole plerced 
with the awl is bored as obliquely as possible. 


As soon as the nail-tip reaches the fracture cleft the 
assistant in charge of fluoroscopy has to inerease his ac- 
tivitics and it becomes ebvious now that accurate reduction 
means a great advantage for the performance of medullary 
nailing. If the fragments are fitted woll upon each other, 
the nail tip slides without any difficulty into the medul- 
lary cavity of the distal fragment and then the most prob- 
lematic moment of the whole procedure is overcome. In the 
case of a failure, when the nail-tip comes to lie beside 
the distal bone in the fracture cloft or when it is caught 
in the corticalis of the distal fragment, an assistant has . 
to correct the reduction according to the directives of the 
fluoroscopist,. If there is a multiple fracture with more 
than two fragments, medullary nailing, so to speak, aims at . 
threading the fragments upon the medullary nail. With this 
type of fracture it is due to the mechanical conditions and 
quite natural that accurate reduction prior to‘the act of 
threading the fragments is not always possible, as the trac- 
tion exerted for reduction usually has no influence upon the 
_ middle fragments. In this case the prominent part of the 
- medullary nail after reaching the fracture cleft can be used 
- a8 a handle to move the fragment above the nail and the oper- 
ating surgeon accomplishes threading according to the direc- 
tions of the fluoroscopist. Regular attention should be 
_ paid to the X-ray tube working at intervals only so that the 
_ patient as well as the operating team are hit by the X-rays 
' aS little as possible. This is easy to perform, if the 
fluoroscopist lights the X-ray tube only when the crypto- 
scope is adjusted so that no prolonged search for the frac- 
ture cleft or the nail tip is required. This shows clear- 
ly that the entire operation is composed of seeming trifles 
_ the systematic observation of which, however, is indispens-~ 
_ able for a smooth and continuous course of the operation. 


For the medullary nailing of the humerus, the tibia, and 
_ of the forearm bones, double nails are usually employed, that 
_ means coupled nails the thinner of which fits exactly into 
the groove of the thicker nail. One usually begins to nail 
with the thicker nail and after passing the fracture cleft 

* one drives it in so far that the external part of the nail 

) is about 5 or 6 cm. long. Prior to the insertion of the 

_ second nail which principally serves the purpose of stabil- 
izing the hold of the nail with regard to the torsion of the 
' fracture - that means dislocatio ad peripheriam - it is ab-_ 
' solutely necessary to ascertain whether or not torsion of 

_ the fragments has taken place. In this stage of the opera- 
_ tion it can be rcduced without any difficulty. 


4 Now the inner nail is driven in further, until it is 
' at a level with the outer nail,and the final insertion of 

_ both nails together can now be accomplished. With the me- 
' dullary nailing of the humerus during this stage the assis- 
_ tant must exert strong counterpressure against the elbow, 

_ as the nail should be firmly wedged in the- medullary cavity 
_ which towards the distal end narrows conically. ~- Therefore 
_ it sometimes is appropriate if the intcrior thinner nail 
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is longer by 1 em. than the extorior nail. 


| The roentgenologist should check the distance of the nail- 
tip from the elbow-joint, which should be as small as possible. 
If the length of the nail was estimated correctly, the eye of 
the nail is visible just above the periosteum at the upper end. 
When medullary nailing is finished, the fracture is wedged to-' 
gether by strong blows with the thenar of the assistant press- 
ing against the elbow. The skin suture and a dressing finish 
the operation. 


Subsequently roentgenograms are made in two planes at 
right angles to each other. The films must be large enough 
to demonstrate the relation of the fragments to each other and 
the fit of the nail at the fracture site and at the elbow- 
joint. This is important to avoid overlooking complications, 
as now the injured limb will be left alone for a long time. 
Curvation at the fracture site which sasily occurs due to the 
considerable bending tension of the medullary nail, my be 
straightened over a well padded wooden wedge without any par- 
‘ticular inconvenience. ? 


When medullary nailing is effectcd from the distal end of 
the humerus, the position in principle is the same as with 
medullary nailing from the proximal end. The medullary nail 
is inserted from a site 1 or 2 cm. above the fossa olecrani 
on the extensor side, It is advisable to select a medullary 
nail which is as long as possible, so that due to its long 
friction surface in the spongiosa it finds a firm hold in 
the medullary cavity widening towards the proximal end. The 
Skin incision should be 3 or 4 cm. long extending along the 
longitudinal axis; the triceps is bluntly separated. The awl 
most appropriately is pierced through at a level with the up- 
per angle of the skin incision, because it thus is possible 

_ to avoid a further injury of the skin by the pressure and the 

_ friction of the penetrating nail which during insertion mst 

_ be guided at a very small angle to the bone. At this place 

_ the bone frequently is so hard that the awl does not perforate 

_ it. Then the chisel or the drill-cutter must bo used to bore 

' @ hole into the corticalis. This hole should be located ex- 

_ actly over tho longitudinal axis of the bone, as it my oc- 

_ cur otherwise that the medullary cavity is missed. With a 
very hard bone the hole must be large cnough to give access 
to the nail without its getting jammed. If the drilled hole is 

very close to the distal end, the nail sonetimes meets osseous 
Substance overbridging the medullary cavity in the form of 
transverse trabeculae. These must also be perforated with 
the awl so that the prepared drill channel not infrequently 

has a length of several centimeters. In this case it renders 
good service for a firm fixation of the medullary nail. As 
for the rest the insertion of the double nail is accomplished 
as it was hag described for the proximal nailing of the 
humerus. e first thicker nail sometimes shows the tenden- 
¢y to be driven forward too, as its thinner partner is driven 
ine This involves the danger of it ‘being driven in too far 
and entering the shoulder joint with its tip; it may also oc- 
cur that its distal end disappears in the medullary cavity. 

This hazard of course is present whenever double nails are 
employed, no matter what type of fracture is treated. One 
can avoid this hazard by fixing the nails by means of a 
Single~pronged hook or by a retraction hook. Before the 
final 4 to 6 om. is covered, the extension is released so 

that the fracture can be wedged together. The assistant 
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- surgeon pushes vigorously against the shoulder. Finally 


the skin is sutured and, if necessary, angulations are 
straightened out and roentgenograms taken. 


| Due to the variable diameter of the medullary cavity 

of the humerus the mechanical conditions for a really stable 
union of the fragments are not always favorable, and even 
after a technically faultiess performance of medullary nail- 
ing under consideration of all mechanical peculiarities 
small wabbling movements and rotary movements are not in- 
frequently observed. Only with the transverse fractures 
close to the middle of the shaft may one be fairly sure 

that no additional external support will be required. In 
all other cases an abduction cast or bedding on an abduc- 
tion splint for several weeks is advisable. For such cases 
which appeared appropriately immobilized and for which as 


a matter of security an immobilizing bandage seemed to be 


desirable, a U-shaped plaster splint has proved useful. 

It should begin in the axilla, embrace the elbow joint bend 
at right angles and then extend to the shoulder joint at 
the lateral side. It has to remain in place for 3 or & 
weeks. This plaster splint permits extended movement of 

the shoulder joint and it does not hamper the use of the 
hand; together with the nail it is really useful. It is 
certain that the cleft of the fragments which may occur on 
the humerus after the operation and which is caused by the 


| weight of the forearm and the lower fragment, is frequently 


eliminated by such a U-shaped splint. If this complication 
of after-treatment occurs nevertheless, a circular plaster- 
cast must be applied. 


- The responsibility for the dismissal of the patient and 
for ambulatory treatment can be borne after 10 or 14 days if 
the healing of the wound takes a normal course, A fluoros- 
copic control at intervals of 4 weeks will show the progress 
of the healing of the fracture. 


The removal of the nail is only to be undertaken if the 
bony consolidation of the fracture is completely terminated, 
There is no reason to insist on an early removal of the nail. 
With local anesthesia the head of the nail is approached , 
through the old scar and the nail is extracted by means of a 
single-pronged hook or another extraction instrument. 


b) Forearm. | } : 
The medullary nails for the ulna and the radius vary with. 
the Shape of the two bones. Those destined for the ulna are 


straight, those destined for the radius are slightly curved, 
Similar to the humerus nails, and sometimes the medullary cav- 
ity of the ulna is so confined in space that even the thinnest 
medullary nailswith a V-shaped cross-section have no room in 
them. In such cases strong Kirschner-wires may be employed 
for a sufficient interior immobilization. For the determina- 
tion of the length of the nail, which can be accomplished by 
directly holding it to the thin coat of soft tissue through 
which the bone can be felt or seen, attention has to be paid 
that the nail extends beyond the fracture cleft by at least 

4 em. The longer the medullary nail, the better its hold © 
will be. Wy eeu | Ry 
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For anaesthesia plexus anaesthesia deserves preference, 
“provided that no objective or subjcctive reasons are opposed 
to it. The reduction particularly of the transverse frac- 
ures of the forearm not infrequently is a very complicated 
‘procedure which can be accomplished only with difficulties 
requiring a considerable amount of time. It is particularly 
‘because of the long period of time sometimes to be taken in- 
'to account for reduction alone and to be added to the time 
‘required for the medullary nailing itself that we consider 
plexus anaesthesia more conservative for the patient than 
/general anaesthesia. | 


r Stress should always be laid upon a correct position of 
jthe patient, and the personnel should be trained to regular- 
dy place the patient in the same position. Thus, all mani- 
shed are accomplished in a way which can only be achieved 
by straightforward proceeding and by training. This will 
‘Save many an inconvenience for the patient and the operating 
Surgeon, and the whole procedure consisting of reduction and 
“medullary nailing will be as sparing as possible. The pa- 
tient is put upon the operating table in dorsal recumbent 
position. The humerus is abducted in the shoulder joint by 
Slightly more than 90°. Around the upper arm close above 

ee elbow-joint a padded belt pulls the arm in horizontal 
direction opposite to the direction of the forearm which is 
bent to an angle of 80° at the elbow-joint and runs parallel 
to the longitudinal axis of the body, the hand pointing to- 
wards the foot. The actual traction effecting reduction is 
applied to the hand. It is all the same whether a cotton 
@love is fixed to the hand with mastix or whether a gauze 
Bandage stuck to it is employed, or whether according to 

the suggestion of KUENTSCHER and MAATZ a “devil's-grip" ex- 
tension-is applied to every finger and then connected by a 
Cord with a preading-bow which in its turn is linked to a 
pulley. We preferred to exert traction by hand, one hand 
olding the thumb, the other the remaining fingers. KUENTSCHER 
and MAATZ discovered a very ingenious maneuver by fixing 

the patient upon the operating table with a counter-traction 
applied to the foot of the healthy side (Illustration 22). 
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Illustration 22. 
Position for forearm nailing. 
(From KUENTSCHER and MAATZ: 
Technique of Medullary Nail- 
ing). 


If no such measures are taken it may occur that during the 
Peduction procedure the whole mechanical conditions are al- 
tered so that in the case of a failure of the reduction one 
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El acupeiie’ ae restore the original position and to repeat 
the manipulations We have had no personal experience with 

_ Special reduction devices. If one relics on the rules given 
above, reduction as well as medullary nailing usually offer 
no difficulties: 


The medullary nail for the ulna is driven in from the 
olecranon. A Tongitudinal incision 1 or 2 cms in length 
is made over the tip of the elbow, and access is obtained 
to the medullary cavity by opening it with the awl on the 
posterior edge of the olecranon through the insertion site 
of the triceps tendon. The longitudinal axis of the bone 
must be observed with utmost accuracy to avoid a faulty 
dircetion, It is not absolutely necessary to employ a guide- 
rod in the shape of a thick Kirschner-wire, but in some cas- 
es it facilitates the procedure. When the nail has passed 
the fracture ceift, the extension is released, and the as- 
Sistant grasping the wrist presses vigorously against the 
direction in which the nail is driven in. The nail is han- 
mered in so far that its eye just projects from the bone. 
If one lets the nail project too far, it exerts pressure u- 
pon the thin skin and causes discomfort when the elbow-joint 
_is moved. The skin is sutured and a roentgenogram is Haken 
Usually there is no need to correct curvatures. 


cor 


If there is only a fracture of the ulna, no additional 
immobilizing dressing is required. When employing a Kirsch- 
ner wire for internal immobilization we attach a padded dor- 
Sal splint to the arm reaching from the bases of the meta- 
carpals to the @lbow and leave it in place for about 3 weeks. — 


For medullary nailing of the radius the nail is inserted 
from the distal end. The position is the same as in medul- 
lary nailing of the ulna. During reduction extension by means 
of an adhesive glove is very useful, particularly if the re- 
duction of the fracture meets with difficulties and if the 
hands of the assistant surgeon are frequently exposed to X-ray 
irradiations. BOEHLER employs a strap which encompasses the 
four fingers at a level with the basal joints. As for the 
rest, the arm is extended in the screw-extension apparatus 

which, however, necessitates the availability of the link 

| bearing a ball "and socket joint which is to support the hand. 
HAEBLER recommends a leather bandage which is wound around 

the hand in such a way "that its edge is at a level with 

the base of the first metacarpal bone". We believe, that 

the cotton glove is more convenient, because it does not dis- 

'turb the ready access to the insertion site. 


A small incision is made pointing from the articular 
edge of the radius to the proximal end, and the bone is ex- 
posed between the tendons of the m.extensor pollicis longus 
and brevis. The drill~hole should be bored about 2 cm. prox- 
_imaily from the articular surface. HAEBLER enters "between 
the m.extensor carpi radialis and m.extensor pollicis brevis 
and the long extensor muscles of the fingers", while KUENT- 
SCHER and MAATZ proceed from the processus styloideus radii, 
and BOFHLER "from the extensor side of the lower end of the . 
radius". After the medullary cavity is sufficiently opened 
and at an angle which is as small as possible, a slightly 
bent Kirschner-wire is inserted first. This shows whethor 
the way is free for the medullary nail. The wire must slide 
easily into the medullary cavity. This guide-wire also fa- 
cilitates to a certain degree the insertion of the nail, and 
it serves to prevent the nail-tip from being caught in the 

_ opposite corticalis; an seins Shade which occurs readily. 
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| At its head the medullary neil must be bent in accord- 
nee with the curvation which it hss to pass at the distal 


nd of the radius (Illustration 23). It is easy to bend the 
medullary nail according to re- 
quirements by putting it bet- 
ween the jaws of the extraction 
hammer and bending it manually, 
If this is not done, the dancer 
arises that due to its tensed 
position the medullary nail 
penetrates through the soft 
Spongiosa towards the wrist- 
joint. ‘Thus a damage of the 
wrist-joint and the epiphysis 
may occur, a hazard which can - 
be avoided if one drives the 
nail in more from the dorsal 
then from the lateral aspect. 
By these means one circum- 
vents the curvature of the 

path of the nail in the distal 
end of the radius which is 
curved strongest at the later- 
al side. 


The fracture cleft is 
passed under fluoroscopic con- 
trol, maximal distraction, and 
by guiding the nail with its 
projecting part. After the nail 
has enterea the proximal frag- 


Illustration 23. ment for about 1 cm., the ex- 


chematic design of cur- tension is relaxed, the guide- 
ature of medullary nail - wire removed if there is one, 

or radius at the distal and the nail driven in complete- 
md of the bone. ly, while the assistant surgeon 


presses against the elbow. 

In the case of an isolated 
dius fracture an immobilizing bundage is not absolutely neces- 
ary. For an early discharge of the patient for ambulatory 
Peatment the application of an unpadded dorsal plaster splint 
yr 2or 3 weeks is advisable. 


The medullary nail is not removed unless the roentgeno- © 


am shows a solid callus which guarantees the bony consoli- 


@tion of the fracture. This my take a very long time,some- 


mes even 4 or 6 months. However, it means no really sig- 


nificant delay as the injured patient soon may regain his 


11 capacity to work, even though the nail is in place. 
erefore one can take one's time in removing the nail. 


¢) Femur. 


The technique of medullary nailing of the femur in- 
des comprehensive roentgenograms taken beforehand with 
® intended nailing in mind. Their purpose is to provide a 
Pvey of the whole length of the femur. To this end films 
icast 40 cm. in length are required. Nevertheless they 
hetimes are not long enough and therefore we adopted the 
cedure to take pictures in two planes, one of which shows 
2 neck of the femur together with the tip of the trochanter 
i the fracture site, while the other displays the cleft of 
> knee-joint and the fracture site. 


Ae © 


SS ‘The peruteiaats length of the medullary nail is to be 

| estimated along the Beith leg. The nail should extend from | 
| the tip of the trochanter major to the lateral cleft of the 
penes=joint. If later on it projects from the trochanter by 
(2 cm. the distal end will be located near the cpiphyseal 
_line. A more accurate determination of the length and the 
‘diameter of the nail may be achieved by moans of the roent- 
'genograms and cven during operation by moans of the guide- 
rod. In the case of the femur an accurate determination of 
the length down to millimeters is not required as some pro- 
jection of the nail-~head is allowable. Only with fractures 
close to the knce-joint is an exact determination of the 
length of the medullary nail necessary. It is echieved by 
‘Measuring the guide-rod insertcd into the medullary cavity 
‘up to the desirable position of tho nail and by calculating 
the difference betwoen the measured total length of the 
‘guide-rod and its projcocting part at tho trochanter. To 
‘this difference the 2 cm. required to make the nail-head 
met must be added (Illustration 24). 


Illustration 2 
Schematic dcsign of how the guide-rod is 
used for the dotermination of the nail 
length in case of fomur neiling. 


a The width of the mdullary cavity may be determined on 
the roentgcnograms. refer to the "scale" em- 
Ployod by KUUINTSCHER and MAATZ which was described in the 
Chaptcor dealing with humerus nailing. In the case of adults 
the diameter of the most narrow place of the femur, located 
Slightly above the middle of the shaft, varics b.twoen 8 and 
q2omm. and it even may amount to 16 mm. If as usual in our 
Glinic the roontgenograms aro taken at a focal distance of 
SO cm.,1 or 2 mm. must be subtracted from the width of the 
Medullary cavity shown in the roontgenogram to obtain the 
Peal diameter. The use of too thick a medullary nail may 
Cause unsurmountable difficulties during operation. The 


le ordinary set are V-shaped, straight, and have 
length of to 44 cm. and a diameter of 9, 10, and 11 mn. 
Before commencing the operation care should be taken that the 
guide-rods belonging to the nails are ready for use. 


For children the femur nails cannot be used because of © 
their thickness. In such cases one must content oneself 
with medullary nails destined for the humerus or the leg 
and straightened as much as possible. 


The guide-rod serves to thread the fragments and to 
guide the medullary nail which during insertion slides a- 
long it. In addition it is used to determine the length 
of the nail, as mentioned above (30). 7 


No medullary nailing of the femur is to be attempted 

vithout the extraction instruments ready for use. Here ae 
they are more necessary than with any other type of nailing. 
It may happen that the medullary nail employed is too thick 
and therefore has to be extracted, and everybody facing this 
_ situation for the first timo will be amazed at the force re- 

quired for this purpose. In the case of nailing a fresh frac- 
ture KUZNTSCHER estimates the force requircd at about 300 ke. 


In all casos of femur nailing in which there is no con- 
tra-indication we as well as KUSNTSCHER and MAATZ and HAEB- ar 
LER employ spinal anesthesia with 3 cc. of a 5% novocaine ae 
Solution. The spinal anesthesia should bo placed as lowas 
possible to paralyze as few faso-rogulating segments as 
possible. In fresh cases BORHLER prefers local anesthesia, | 
but we belicve that sometimes it is not suffiiciont to cause 
relaxation of the strong musculature of the femur. “Modul- 
lary nailing of children, which is used_in rare cases only, 
Should be performed under general anesthesia. 


Before performing the first medullary nailing of the 
femur, the position of the fatient should be tried with a 
healthy person. One cannot do without an operating table 
combined with an extension device. Improvisation is not 
permissible and there is no need to stress expressly that 


for medullary nailing adequate apparatus and instruments 
are as necessary as for any other major operation. 


_ In our clinic the extension table of LEHMANN is em- 
ployed. KU™UNTSCHER and MAATZ recommended lateral position _ 
upon the sound extremity the hip-joint being moderately bent. 
BOEHLER, too, operates in lateral position. In the beginning 
we also adopted this position, but we abstained from it more 
_ and more, and now we use the dorsal recumbent position. On 

_ LEHMANN's extension table the pelvic support is attached out- 

_ Side the extension bar on the injured side, so that the hip 
projects over the edge of the table. The whole extension 

device is abducted by about 45° towards the sound Side, and 
thus the hip-joint of the patient is adducted by the same 

_ angle. lLowering the extension bar for the healthy extremity ise 
_by about 20° causes a slightly oblique position of the pelvis 
_while there is a considerable adduction and a slight flexion 

of the injured limb in the hip-joint (Illustration 25). This 
provides an ideal access to the tip of the trochanter, and — 
_Teduction is much casior than in the latoral position. Only 

in cases of high femur fractures sometimes latcral position 
Seems to be more adequate. The above described semi-ob- 

_ lique dorsal recumbent position permits exhausting all pos- 

' Sibilities offered by the dovice of varying between adduc- 

tion, flexion and extension, clevating and lowering, to such 


an extent that an axial ad- 
justment of the distal frag- 
ment is achieved thereby a- | 
lone. 


The lateral displacement 
is reduced by lateral trac- 
tion applied close to the 
fracture site. It is advi- 
Sable to mark the fracture 
site on the skin under X-ray 
control. There is no doubt 
that the reduction appliances 
designed by BOEHLER, WITT- 
MOSER and LINSMAYER, render 
good services. One of the 
two, either the extenstion 
table, or the reduction ap- 
paratus, must be available. 


Here too, the operation 
proper starts after the re- 
duction. The trochanter ma- 
jor is draped with sterile 
Sheets. Most appropriately 
the thigh is not covered to 
allow a constant check of 


the direction of 
the guide-rod and 
the medullary nail. 


The skin inci- 
sion is made about 
the width of two 
fingers above the 
palpable trochan- 
ter tip, and it is 
about 4 or 5 cm.in 
length. The muscu- 
lature is bluntly 
separated. Then 
one penetrates with 
the index finger to 
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the crest of the eo 


trochanter. The b 

guide-rod pierces Tilustration 25. 

through the tip of a) Position for femur nailing 
the trochanter at b) Position for femur nailing 
its medial edge (from HAEBLER;: The Stable 
and it is pushed Osteosynthesis". 


cautiously forward 

along the longi- 

tudinal axis of the bone with rotating movements. Thus the 
medullary cavity is usually found without any difficulty. 
If the force of the hand is not sufficient to perforate the 
thin bone, one will succeed by light hammer blows upon the 
guide-rod as if it were a nail. As soon as the guide-rod 
has cntered the medullary cavity, which is revealed by fat- 
ty bone-marrow flowing out, it slides slong inside it with- 
out greater resistance. Short fluoroscopic flashes check 
its position and its further progress. Small lateral pal- 
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pations with the guide-rod during which it touches the hard 
walls of the medullary cavity facilitate the judgment of its 
correct position. 


If reduction was successful we attempt to insert the 
guide-rod immediately into the distal fragment, A rapid 
passing of this obstacle is decisive for a further smooth 
progress of the procedure. The guide-rod is pushed forward 
as far as the nail is to lie in the distal fragment. As 
mentioned above, this proceeding permits to determine the 
length of the nail acgurately. If, however, one is not suc- 
cessful in passing the fracture cleft with the guide-rod, 
the nail is immediately guided over the rod and driven in un- 
til it arrives at the fracture cleft. This must be accomplished 


Slowly and by short hammer-blows to give the bone marrow an 


opportunity to escape from the fractyre cleft so as to bring 
into full effect the natural pressure valve formed there and 
to regulate the pressure equalization in the compressed med- 
ullary cavity. Attcntion was called to this point when the | 
risks of medullary nailing (fat cmbolism) were discussed. 
For the same reason if one wants to be very cautious, it is 
advisable to withdraw the guide-rod at intervals so that the 
bone marrow may excape through the groove of the nail at the 
top too, and then to insert the guiderod again. The medul- 
lary nail driven up to the fracture cleft in the case of dif- 
ficulties constitutes a useful handle by which the position ; 
of the bone may be adjusted so that in th's way the thread- 

ing of the guide-rod into the distal fragnont, as it was re+ 

peatedly described above, sometimes is considcrably facilitatedd 
Here too, stress must be laid upon the fact that this type of 
technical procedure doeg not represent the ysual way, but on- 
ly is one of the alternatives, a trick to be applied for over- : 
coming a difficult situation. It should be made a principle . 
to attempt by all means to progress in the normal way and to 
accomplish reduction prjor to medullary nailing. One should 

not be confident thet the nail or the guide-red once driven 
up to the fracture cleft can be moved beyond it by some in- 
genious method or other, 


The further progress of the medullary nailfng depends 
on the directives of the fluoroscopist. If he is not en- 
tirely sure whether the guide-rod has centered the medullary 
cavity of the distal fragment, an incident which may occur 
and which should not be interpreted ss 2 lack of attentive- 
ness or sbility of the assistant, it is preferable to abstain 
from further attempts and to take roentgenograms in, two dif- 
ferent planes. When all difficulties sre overcome, the nail 
is driven in further. As soon 1s the herd of tho nail ap- 
proaches the skin incision, the danger arises that tre skin 
or the soft tissue may be hit by the hammer cnd bruisod. At 
this stage of the operation the use of a hammering-cayp (punch) 
is required which has to be set on the nail hond. Suc. an 
instrument was manufactured in our workshop from a shor’ piloce 
of 2 medullary nail which had been cut off ct both cnds. It 
offers: the advantage that the guide-rod can slide in its 
groove, thus preventing the cap from slipping off during ham- 
mering. In addition at the one end of the hammcring-cap a 
piece 2 cm. long and shaped like a tube was fitted which can 
be pushed onto the nail head: (Illustration 26). This prevents 
driving the nail in too far, as the cap rests upon the bono, 
while the nail covered by it projects from the bone by 2 om. 
If too thin a nail is used it would otherwise be pa sible to 
drive it in too casily ond therefore too far. KUENTSCHER and 
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WAATZ designed two different hammering-caps which are to trans- 
mit the blows of the hammer to the principal parts of the med- 
llary nails. 
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Prior to the last hammer-blows the extension is removed. 
ple of the assistants pushes on the heel or, when the leg is 

ent, against the knee by strong blows with the flat palm or 
pith the thenar simultaneously with the hammer-blows of the 
pperating surgeon, thus wen oS the fracture together, Then 
$e skin incision is sutured and a roentgenogran terminates 
phe operation. | 


' After-treatment: The injured extrenity is bedded upon 4 
faun's splint. The foot is suspended at the forefoet with a 
$0Se bandage held in place with mastix and thus outward rota- 
don is prevented. Additional external Supports are necessary 
HWeimspite of the medullary nailing there is the hazard of a 
‘}8rtain shifting, bending, or shortening. The shape of the 
-PBacture or its position sonetimes ray require a change of its 
OSition over the medullary nail. For this reason the mode of 
he first after-treatment for the various types of femur frac- 
Pres must be described separately. Here, due to the weight 
PE the extremity and to the motor force in action, much great- 
"forces take effect upon the fracture and the madullary nail 
ian is the case in the other long bones, so that it needs no 
Pplanation that supporting measures are necessary. 


mh 


. Transverse fractures and short oblique. fractures of the 
‘Bhur proximal of the middle of the shaft in the range of the 


‘Pst narrow section of the nedullary cavity require no addition- 
@ external support provided they are held together by a nail of 
Mficient thickness. In such cases the leg is immobilized by 

ans of a Braun's splint until the wound is healed. Subse- 
ntly, exercises/in bed are taken up and after a few days the 
. nay be subjected to weight-bearing outside the bed. These 
- Gal cases may commence walking after an average of 2 wecks. 

@: 
_ Fractures below the middle of the femur shaft are bedded 
‘POn a Braun's splint and an unpadded dorsal plaster splint 
 btached to it, as with these fractures the possibility of bend- 
@g is greater and as it cannot be prevented by a Braun's splint 
§One. These paticnts are not allowed to get up earlier than 
Tter 4 weeks. 
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Transverse fractures and obligue fractures imncdiatel 


below the trochanter major can be saved from axial angulation 
and shortening only by an additional extcnsion bandage. There 
is the danger of the formation of a coxa vara. 


The multiple fractures of the femur which are particular- 
ly suitable for medullary nailing must be subjected to exten- 
Sion during after-treatment to avoid shortening. Confinement 
to bed for at least several weeks is necessary. 


Spiral fractures in the upper third of the femur with a 
cracked oft wedge cannot be immobilized in a satisfactory 
position with the medullary nail alone. Even with the most 
appropriate position and even though the medullary nail is 
optimal in thickness and length the fragments are telescoped 
into each other and shortening and axial angulation occur. 
These fractures have also to be treated with an additional 
extension bandage. AS a rule a weight of 4 or 5 kg. is suf- 
ficient, since the medullary nail also provides a certain 
hold, 


Of course the surgeons extensively employing medullary 
nailing endeavor to adapt themselves to the conditions of the 
medullary cavity of the various bones and of the various frac- 
ture types by an increasing refinement of their instrumental 
techniaue and by the special construction of instruments, par- 
ticularly of the nails, so that stable osteosynthesis can be 
achieved even in more difficult cases. Only in this way will 
it be possible to render additional support by plaster or ex- 
tension bandages superfluous and to bring medullary nailing as 
a method closer to its ideal. For thessubtrochantcric trans- 
verse and oblique fractures the Kiel Klinik (31), (32), de- 
Signed a thick and conically shaped medullary nail which fills 
the wide upper section of the medullary cavity. Simultancous- 
ly a larger support for the nail in the mass of the trochanter 
is provided so that the hazard of the nail cutting through the 
Spongiosa is considerably lessened. 


The supracondylar fractures cannot be retained in a satis- 
factory position by the medullary nail alone, as it finds no 
sufficient hold in the spongiosa of the short distal fragment. 
The fractures with a simultaneous comminution of the condyles 
are not suitable for medullary nailing. Despite the insufficient 
retention one must acknowledge that by moans of the medullary 
nail it can be acoomplished still better than with other methods, 
provided one does not expect that the nail insures a really 
stable fixation. For this reason the nailing of supracondylar 
femur fractures must regularly be associated with the applica- 
tion of a plaster cast which at least extends to the inguinal 
region, and even may bcocome necessary to apply a pelvic plaster 
cast. The plaster cast should be left in place not less than 
4 weeks and the patient should be confined to bed for at least 
6 to 8 weeks. As rogards the position, and above all the mo- 
bility of the knee-joint, the success obtained with this pro- 
cedure is usually better than with a purcly conservative treat- 
ment, although even nowadays it cannot be avoided with this 
type of fractures that failures of treatment with medullary 
nailing occur, which assume the form of axial angulation and 
Secondary damage of the knee-joint. 


a 3. § 
ad) Leg. 


Medullary nailing of the leg means medullary nailing of 
the tibia. . There is no need to nail the fibula. WNeverthe- 
less it should not be disregarded since it is this neigh- 
boring bone that influences fracture healing in many a sense. 
From the purely technical view medullary nailing of the tibia 
Can be considered as an easy operation. This is actually the 
case with many tibia fractures, as the thin coat of soft tis- 
sue does not bar ascess to the medullary cavity, and it facil- 
itates reduction by the possibility of grasping the bone. 
Nevertheless medullary nailing of the tibia offers difficult- 
ies which are particularly caused by the varying width of 
the medullary cavity and its course. 


The eross-section of the medullary nails for the tibia 
is V-shaped too, They must be flexible and their slightly 
rounded tip has to point upwards. Smoothing the tip is ne- 
cessary to enable the nail to slide along the wall of the med- 
ullary savity on the opposite side. To sompensate the insuf- 
ficiency of the nail with regard to its stabilizing function 
which is caused by its flexibility. KULNTSCHER designed the 
medullary nail for the leg as a double nail. A second nail 
Shaped exactly like the first one and only a bit thinner, 
fits into the groove of the first nail and stiffens it by 
lying exactly parallel, Nevertheless the double nail frequent- 
ly is not sufficient to provide really stable osteosynthesis. 
This deficiency is particularly noticable with fractures at 
the proximal end where the medullary cavity is very wide, 
There the nail cannot fill the cavity completely. For this 
reason an external support is required freguently in addition 
to the nail. 


The most narrow part of the medullary cavity is located 
between the middle and lower thirds. Its diameter varies 
between 10 and 12 mm} and it becomes larger above and below 
this place. Hence it is easy to understand that the trans- 
verse fracturcs on the border between the middle and lower 
thirds are principally suited for medullary nailing. To de- 
termine the thickness of the nail it is only required to mas- 
ure the diameter of the medullary cavity in anterior-postcrior 
direction, as in the latcral direction the nails are bent to- 
gether by the rigid walls of the bone during introduction. Tho 
length of the nail must be determined very accurately as too 
short a nail is valueless for fixation. If the nail is too 
long the danger arises that it may cross the lower epiphyseal 
line and penetrate into the upper foot-joint, an accident, 
which in view of the danger of infcction, must be prevented 
by all means. The upper end of the nail should not project 
too far from the bone, as here the skin lies next to the bone 


providing an easy opportunity for decubital ulcers. It could 


project just with its eye from the tibia. The length of the 


tibia nail is measured best after the reduction of tne frac- 


_,ture. The length is from the insertion site, which is located 


beside the tuberositas tibiae, to the distance the nail tip 


is to have from the joint. The most casy and safe method is 
to expose the site of insertion by a skin incision during 

the operation and after reduction and to hold the nail along- 
side the crest of the tibia under complcte asepsis, so as to 
determine its optimal length by fluoroscopy. 


For anesthesia we prefer low spinal ancsthesia for el- 
derly patients. 1t is particularly useful for prolonged 
surgical interventions such as ostvcotomy end operation of 
pseudarthrosis. With younger paticnts and under ordinary 
conditions it usually serves the purpose to employ local 


anesthesia for the percutaneous nailing of simple fractures. 

The fracture cleft and the site of insertion are anesthetized , 
and ether or evipan are given in addition during the act of a 
driving in the nail, if necessary. : 


The pesition of the patient is hore of greater impa t- 
ance for the smooth performance of a medullary nailing than 
with ether bones. For this meration BOEHIZLR's screw-exten- 
Sion apparatus hes proved best. Provided that no eperative 
reduction must be made we exclusively use the serew-exten- 
sion apparatus for the reduction of the leg fracture (Illus- 
tration 27). 


Illustration 27. es 
Position of the leg in BOKHLER's screw- ‘ 
extension apparatus for reduction and 
medullary nailing (From BOBHLER: Tech- 
nique of Fracture Treatment, III, pe2h6). 


With its help reduction is more casy and sparing than with 
any other apparatus. It is moreover possible to retain 
the fragments in their reduced position without having to 
rely upon an assistant. Access is barrcd neither for the 
operating surgeon nor for the X-ray apparatus. The appli- 
cation of lateral traction permits the reduction even of 
the smallest dislocation in an exeellent manner. KUENT~ 
SCHER and MAATZ completed BORHLER's apparatus by attach- 
ing longitudinal bars sorving to bear the latcral traction 
devices. Of course one ean also use the cxtdnsion con- 
trivanee correspondingly (HAEBLER). Here too, moduliary 
nailing should not be started before reduction is completed. 


The insertion site is exposed medially from the tuber- 
ositas tibiae by a longitudinal incision 4 cm. in length. 
KUENTSCHER and MAATZ as well as HAEBLER proceed through the nay 
tuberositas tibiae itself. The insertion of the nail later- = 
ally from the tuberositas and in particuler cascs even modial- 
ly showed some advantages which induced us to continue em- We 
ploying it. In case of a later infection it is sasier to ee 
inspect the situation from here as survey is not impedod i 
by the ligamentum patellae and as it is certain that with | Ane 
the lateral incision there is less danger that the infccetion a. 
ascends to the knee-joint. In addition the drill-hole can 
be bored in a more oblique direction ind this facilitates 
the introduction of the nail as well is its extraction. 


n not Sense ‘the es Pryde a firmeriteld if eb 16 the 3 
here, the oblicue duct is long. BOEHLER also performs 
nailing from a point lateral to the tubcrositas tibiae. The 
following account of a most negrettable incident convinced us_ 
that it isless dangerous to insert the nail from a place 
lateral to the tuberositas tibiae han from the center of 
he tuberositas. 


Medical history: 69 year old male patient 
with a leg fracture at the junction of the 
middle and lower thirds. The tibia shows. 

a transverse fracture with a 1 cm. long me- 
dial wedge. Wire extension through the ta- 
.lus, reduction, plaster cast were applied 
first. The indication for medullary nail- 

ing wis suggested by the :age of the patient, 
chronic valvular heart discase combined with 
an asthmatic condition and a chronic bron- 
chitis, a simultancous fracture of both mal- 
leoli on the same leg as well as by the con-~ 
siderable tendency of the fracture to dislo- 
cate. The insertion of the two medullary 
nails at the tuberositas tibiae 9 days after 
the accident (10 August 1941) was casy. Then 

a U-shaped plaster splint was epplied and the 
wound secmed to heal without any disturbance. 
Four weeks after the operation reddening and 
swelling of the insertion site wes o bserved 
which disappeared soon. Five weeks after the 
operation the patient got up while the plaster 
Splint was still in place. Soon afterwards an 
ulcer developed medially to the fracture site 
in an area of old varicose veins (the bacterio- 
logical examination showed hemolytic staphylo- 
cocci) from which a 1 cm. long sequestrum was 
detached (17 November 1941). Several days la- 
ter a small abscess had to be opened at the 
insertion site of the nail. It healed quick- 
ly. Eleven wecks aftcr medullary nailing (2k 
December 1941) the patient was dismissed af- 
ter an Unnats plaster bandage was applied, 
while the ability of the patient to walk was 
satisfactory. Later on the patient was read- 
mitted because of a fistula on the leg which 
was curretted. On the next day a febrile phleg-- 
mon developed at the insertion site of the med- 
ullary nail. After a large incision a consider- 
able amount of pus was evacuated. The nail was 
removed at this time. (3 Feb 1942). An empyema 
of the knee-joint (the bacteriological examina- 
tion showed the presence of hemolytic strepto- 
cocci) and in addition a peri-articular phleg- 
mon developed. Transitory symptoms of ileus 
set in and in spite of a wide opening of the 
phlegmon death occurred on 6 March 1942. 


2 LUC 


; For the development of the phlegmon on the knee-joint, 
me it duc to conveyance of the infection from the ulcer a- 
ove the fracture site or to the outbreak of an inflammation 
at the insertion site of the nail, medullary nailing must be 
held responsible. The post-mortem cxamination revealed the 
Presence of granulation tissue rich in cells and of young con- 
lective tissue with a large amount of macrophagi in the med- 


he t the whole showing the picture __ 
ue and no signs of a medullary phlegmon. | 


lies close to the area above the drill-hole, and very ob- 
liquely, so that it exerts a strong pressure upon its sup- 
port. When it is driven in at the center of the wound or 


at its upper angle, strong pressure is exerted upon the skin, oe 


leading to a considerable damage of the tissue. However, 3 
if it is driven in from the lower angle of the wound, the area 


where the strongest pressure is exerted lies within the wound, 


that means it practically is located upon the bone, and the 


skin suffers no damage. 


ing movements are made. 


The awl must perforate the bone at. > 
& very small angle to the axis of the medullary cavity. Sy 
can always be accomplished by hand without a hammer if rotat- 
After the length of the nail was de- | 
termined as described above, the thicker nail is driven in 


first and the slightly hooked tip of the nail points upwards. 
The nail is guided by hand at the smallest possible angle to 
the bone. As soon as the nail tip comes close to the frac- 
ture cleft, the roentgenologist begins action. When arrived 


‘to the desired length. 


Inailing, the fracture is 
‘thenar against the heel. 
“are pushed out slightly, 
of the hammering-cap. Then 


a lock ° 


plied and a roentgenogram is taken. 
Shows curvation, such as recurvation or varus and valgus po- 
sition of the leg, it may be straightened over a padded wooden 


j In very favorable cases it is sufficient to place the 
deg upon a Braun's splint, while the foot is immobilized with 
an adhesive stockinet bandage. 
Picster bandage is required. 


at the fracture cleft the nail sometimes has the tendency to 
_ protrude from the medullary cavity in a frontal direction. 
_iIn this case the distal fragment must under X-ray control 
' slightly be, pushed towards the extensor side of the leg, so 
_ that one might sey it captures the nail with its medullary 
| cavity. If the fracture cleft is passed, the medullary nail © 
' is driven in so far that it projects with its proximal end by 
'3 or cm. Then the second thinnor nail is inserted below 
| the former. It slides along under it as upon a guide-rail, 
jand it is driven in just as far. 
thet the first nail is not driven forward end it even may be- 
come necessary to fix it with a single pronged hook at its. 
'eye. As soon as the two nails are at the same level, exten- 
'Sion is released. The assistant surgeon pushes against the © 
) heel, and the operating surgeon hammers in both nails together 
If it cannot be avoided that the nails. 
/lie upon the skin above the incision pressing upon it, one 
‘does well to hold a large gouge between the skin and the nail 
‘so that the nail slides’ as in a groove while the pressure of 
©its edges is caught up by the gouge and distributed over its 
‘large smooth area. After the termination of the medullary 
wedged tozether by blows of the 

If during this procedure the nails 
they may be driven in again by means 
the skin is sutured, a dressing ap- 


Here, attention must be pa ida is 


If the reduced extremity 


\ 


Usually an additional circular 
As always when a fracture is | 
not sufficiently immobilized by medullary nailing alone, a 
Carcful after-treatment is a matter of the greatest importance. 
With the leg too, the superiority of medullary nailing over 
the purely conservative method is revealed. It includes ear- 
dy exercises, because with the transverse fractures one usual- 
ly does not need to leave the plester cast in place for more 
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hhan 4 weeks, and after the termination of this period one 
Pmay apply a walking cast whieh permits the patient to sub- 
pjyect his leg to weight-bearing. This practieally means 
that the period of confinement to bed is much shorter than 
‘usual, and it is practioally this circunstanece which sug- 
gests treating such fractures with medullary nailing which, 
‘Seen from the mechanical point of view, do not seem to be 
Suitable. That means that medullary nailing should pre- 
fenerel be performed in such cases which for reasons of 


‘general health reauire a reduction of the period of con- 
ifinement to bed. Finally the possibility of an early sub- 
jection to weight-bearing also is of advantage as regards 
the social or economic indioation, since it reduces the 
jeriod of hospitalization. 

& To accomplish a better immobilization than with the 
double nail MAATZ (33) designed special nails such as the 
jpread nail and the turn-spread-nail. The spread-nail con- 
fists of an ordinary double nail, in the distal end of the 
puter nail a small inclined plane is fixed. The inner nail 
encounters it and thus is deviated from the parallel course 
(Jllustration 28) so that the distal end is pressed against 
fhe bone wall on the other side. Thus both nails find a 
firm hold on the wall of the distal portion of the medullary 
favity, the one in front, the other at the beck. "The turn- 
I 


inclined plane 
inclined plane 
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Illustration 28. 
Spread-nail for the tibia with an 
inclined plane (from KUZNTSCEUR 
and MAATZ: Technique of Medullary 
Nailing). 


ead-nail also consists of two medullary nails. The outer 
i] corresponds to a standard nail, The inner nail has a 
Peular cross-section and has an S-shaped longitudinal pro- 
awe. The lower part of this nail is inserted in such a way 
et its concave aspect points to the front. Then the nail 
turned by 180° by means of a screw-driver set onto it. 

| completely introduced inner nail is secured by a trans- 
se pin or a wire against further intrusion, and the outer 
1 is driven in". (KUENTSCHER and M:ATZ). 


Due to difficulties of industrial production during and 
er the war it was not possible for a long time to obtain 
Special nails. We therefore made the attempt to employ 
available standard nails in a modified form to obtain a 
Cater security of stabilization. The procedure was as fol- 
S: The thicker nail was driven in laterally into the med- 
fary cavity until its tip had safely passed the fracture 
ft. For this purpose the insertion hole had to be bored 
1 special obliqueness and depth. Quring introduction the 
acave cross-section of the nail should not point in post- 
or direction as usual, but in medial Ba vin hae tobe This is 
to achieve by putting an instrument 


or direction is prevented. Before the thinner nail is 


( 


forceps or elevator)  — 
) the eye of the nail, by means of which rotation in post- ‘ 
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‘in it must be bent appropriately by hand so that the ourva- 
tion of the lower end of the nail is almost eliminated, the 
nail assuming a slightly S-shaped profile as a whole. Now, 
‘this nail must be driven in in such a way that the two con- 
eave sides point against each other and that the second nail 
"slides with its hollow upon the V-shaped arm of the first 
@il as upon a rail. (Illustration 29). «As long as both 


; | Illustration 29. 

q Schematic design of how to use a 
double nail for the tibia as a 
spread nail. 


mails project by 3 or 4 cm. over the bone, the tip of the 
thinner one shows no tendency as yet to deviate from the 
(rail . The desired spread of the nail tips still is par- 
palleled by a certain spread of the upper nail ends. [If 

lin the course of further proceeding both nails are hammered 
an together, the upper ends approach each other, because 
they are pressed together by the insertion hole. Their tips 
spread to the same measure. This involves no danger, as 

jhe two nails already have passed the fracture site. In this 
Way a firmer fixation and a larger total cross-section of 
the nails can be obtained by the spreading of the nail tips 
and thus a better filling of the distal medullary cavity is 
achieved (Illustration 30). After satisfactory experiments 
On skeletons the procedure was practiced on patients. 


Tllustration 30. 
Modified double nail. 


(after WEIS) 


Medical history: 18 year old male patient 

with @ transverse fracture in the lower third of 
4 the leg (Illustretion 31). Medullary nailing was 
a performed with a double nail employed as a spread- 
4 nail. A clinically satisfactory stable osteosyn- 
R- thesis was obtained. After 1 week the limb of 
re the patient was subjected to weight-bearing. Dis- 
Fi missal three weeks after medullary nailing. The 
ba gait wes normal and caused no pain. | 


Tilustration 31. 
a) Tragsverse fracture of 
hae oko 
b) Medullary nailing with 
modified spread-nail 


This method was used in another lL, cases with the same good 
"result. In none of the cases was an additional external 
immobilization necessary. Nevertheless we would not con- 
sider the method as more than an improvized auxiliary pro- 
-cedure. Satisfactory results are to be expected only in 
"particularly suitable cases. The eligibility of a fracture 
for this method does not only depend on the sjte of the frac- 
ture which has to be at the most nerrow part of the medul- 
“lary cavity of the tibia, but also on its type. Only trans- 


“verse fractures and short oblique fractures are suitable, as 


c) Weight-bearing one week 
after medullary nailing. 
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es surfaces of their fragments fit well upon each other, and 
as the medullary nail is not expected to prevent lateral “piiding 
off or longitudinal dislocation. { 


In exceptional cases KU:NTSCHER and MAATZ performed fae = 
Gullary nailing of the tibia from the medial malleolus, that 
means in the inverse direction from the distal end towards 
the proximal end, while the medullary cavity was very narrow 
(6 mm.) and while there wes an oblique fracture located be- 
tween the middle and lower thirds. In this case the turn- 
spread-nail would not have been sufficient for immobilization. 
We, too, performed medullary nailing from the distal end 
towards the proximal end in one case and the final result was 
really good. The double nail, -however, was not driven in from 
the medial malleolus, but from a place located in the lower 
third of the tibia. Thus it was possible to take advantage of 
the internal friction for a firma hold of the nail along the 
whole length of the short proxiwal fraginent. Typical medullary 
nailing from proximal to distal would have encompassed less 
than one half of the proximal fragment, and as the X-ray 
pictures revealed later (Illustretion 32) it would have had 
to be considered as not suitable for medullary nailing. We 
believe however, that this mode of proceeding is beyond the 
limits of the capacity of the medullary nailing method and 
that treatment by wire loop (see below) is more conservative 
if one has decided to rely on operative treatient. A particular 
disadvantage of proceeding from the distal end is the danger 
of penetrating into the upper foot-joint. 


3 Only “a little experience could be collected with the 
ey bcoure thet 2 of the fractures of the clavicle ,as it rare- 
ccurs that it must bé performed. It does not make any 


: Dirorence whether the nail is driven in medially or laterally 
_ (Illustration 17). The width of the medullary cavity is the | 
decisive factor, as it may be so narrow that even the thinnest 
nails are too thick. In this case they may be replaced by 

| Kirschner wires, but it hardly is possible ‘to achieve a 

stable osteosynthesis with them. Tuecy may provoke an abundant 
formation of callus (callus luxuvians) which involves the 
danger of compression of the brachial plexus. In-such cases © 
a-;, wire loop is preferable, possibly in concurrence Wee a 
Ahem sreakonine of the fragticnts. 


BS wo treotton of the acdullar nail is effected not 
earlier than when the roentgcnograms display a completely 
organized callus and when the fracture cleft has disappeared. 
It causes no particular technical difficulties. BOLHLER ~ 
recommends the wire grid of J#SCHKE which is laid upon the 
extremity in the region of the nail head and roentgerographed 
together with the bone. It sometimes may facilitate the lo- 
calization of the nail head of the bone has grown over it Or 
if the nail has wandered deeper into the medullary cavity | 
Tesulting in the disappearance of the nail head into the ~ 
insertion hole. Usually an incision in the old scar under 
local anesthesia is sufficient to discover the nail. Due to ~ 
she atrophy of the bone around the nail formed in the course 
of time, it usually can be extracted without any special appli- 
ance. In some. cases the nail head must be exposed by means of 
lammer and chisel. During the extraction of the nail pain is 
felt and for this reason we prefer to give a-short e6vipan or 
sthyl chloride gnesthesia. After the removal of the nail the 
en ineision a8 sutured. again 


is recommend¢e@to take X-ray pictures im™@iately after 

» the extractio®of the nail, as it has ha,Mened that the 

_ second nail escaped notice and remained in the medullary 

_ cavity. This may particularly occur if one is compelled 

_ to remove nails which were put in long ago in another | 
_ hospital and if the paticnt neither is informed about the 

- details nor in the possession of Elevant medical documents. 


ere i 
fracture with short 
‘ b) Medullary nailing from 
; distal with double nail. 


c) Satisfactory adjustment of 
fracture. Advanced stage of 
callus formation. 


In our hospital an incident occurred during the 
extraction of a double nail of the tibia which shall be 
mentioned here. While a rather firmly seated nail was 
removed the qouble nail located below it penetrated with 
its head into the knee-joint (Illustration 33). It was 
“not difficult to remove it through a small incision which, 
however, opened the knee-joint. No infection set in and 
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Tllustration 33 


Doubls nail penctrating in- 
to the knee-joint during ex-. 
traction. 


SOME ERRORS. AND RISKS CONNECTED WITH jISDULLARY 
NATLING.. 


Subsequently I want to refer to several complications which 
usually result from a faulty technical procedure. We shall 
_limit ourselves to personal observations and to the more 
significant literature references. There are numerous publica- 
tions about minor incidents (usually published in the Zbl.Chir. 


or Chir.). One of the most frequent errors is to use too short 


a medullary nail. Due to the lever effect of the longer part, 


the shorter end may be subjected to bending and this not only 
involves the nail alone, but also the whole fracture (Illustra- 
tion 34). If the nail is strong enough to resist bending in such 
-cases, it may in turn become the cause for the splintering off 
of bone splinters within the area of the fracture (Illustration 
(35), 30 that the nail tip protrudes from the medullary cavity 


laterally and penetrates into the soft tissue, If too thick a 
nail is introduced with great force, it may happen that the’ ’ 


bone is forced asunder as if a wedge was used (Illustration ini 


Such an | incident was deseribed by. SPRENGEIL (35). 


hai a F 


Illustration 34 


Cur vation of a humerus 
Of fracture caused by too 
short 9 nail. 


Illustration 35 


A large piece of bone is 
splintered off as a result 
of too strong expansion 
while bending, the medullary 
' nail being too short. 


{ 


3 Other complications have their source in the use of too ys 
‘long nails and may be classified under the heading of wandering © 
of medullary nails. We observed them after nailing a sponta- 
nous fracture of the femur, where the nail moved upwards, so 
that it had to be replaced twelve months after the first 
nailing (Illustration 36 and 37). If the nail extends to the 
distal fragment for a short stretch, wabbling movements of 
the et tip may occur enhancing loosening and ascending of 
the nail. ae AE oe 


, In the lower leg there is the danger that very long nails © 
‘perforate thé upper foot-joint (Illustration 38). Apart from 
‘the possibility of articular infection an arthritis and defor- _ 
mity of the joint may result. After the medullary nailing ae 
of longdrawn oblique or spiral fractures the nail itself may 

rémain immovable. The shortening of the fragments over the thas 
Medullary nail may be sufficient to force the articular cleft 
of the foot-joint towards the tip of the nail, even though 
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‘i Illustration 36 


Wandering of a femur nail in proximal direction. 
Spontaneous fracture with sarcoma (A.E., 29 years old), 


(Text see next page) 
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Illustration 37 


Pseudarthrosis close to the knee-joint after gunshot 


fracture of the femur.’ ~ 


Resection of pseudarthrosis and medullary nailing. 


Migration of medullary nail into knee-joint. 


Pseudarthrosis is healed, medullary nail is removed. 
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See ts: Wandering: of nail.into the’ °°": 
; upper foot~joint. 
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it originally had the correct lenrth. Finally it may occur 
that the tip of the nail perforateg the corticalis snd pene- 
trates into the soft tissue in consequence of an angulation 
of the distal fragment (I}lustration 39). 


if Illustrstion 
a) Medullary nailine of tibia fracture. 
b) Perforation of nail tin through 

| corticalis and penetration into 
soft tissue. 


f Further incidents may -rise from a disproportion between 
» the guide-rod and the medullary nail. If the guide-rod 

_ chosen is too thin, the nail may deviate from it and be 
hammered through the wall of the bone. 


7 Some of the failures may be traced back to deficiencies 
| of material. SPRENGELL (36) >bserved a guide-rod breaking 

| off in the medullary cavity of the femur. He hammered the 

_ medullary nail in nevertheless anc he left the broken tip | 
of the guide-rod in place. This caused no disturbance of 

_ fracture healing. The medullary nails themselves may corrode 

’ if the metal is defective and if the nail is in place for a 

' longer time (SPKENGELL), and finally the nail may break. 

’ These nail fractures may be internvretc’ as due to a deteriora- 
_ tion of the metal, if they sre a level with the fracture cleft. 
_ &4n article about these so-called fatique fractures of the 

_ mecullary nail was published by STOTZ (37) of the Giessen 
hospital. 


fractu are ost Bae orca ont as it may be im- 

ible es extract the perinheral rermant of the medullary 
ail. BOEHLER (38) helpe? himself by introducing into the 

peripheral remnant of the neil a guide-rod, the ti aoe which 

yas smoothed and rounded an? bent at an angle of 90° for a 

dength of 4mm. "As soon as flu oroscony revealed that ape 

nail had surpassed the nail tip, it was turned by 180? 


hat the angulated piece caught the nail. Thus it could ee 
‘extracted." ; 


a Refractures over the medullary nail while still in 
Place occur not infrequently. They mey be due to the fact 
that the patients are allowed to subject the extremity ts 
weight-bearing at a time at which the fracture is not united 
as yet by organized callus over its whole extent. Thus, if 
the patients suffer a new accident which need not be great, 
She bone is fractured again at the 211 site. We »bserved such 
refractures predominantly at the tibia (Illustration 40 and 
41). Usually it is sufficient to straighten the fragments 
Bogether with the nail and to anply a plaster cast subse- 
quently. Conditions are aifferent if the neil was already 
®Wemoved and a new accident severed that bone. If at this 
point of time the first fracture wrs completely consolidated, 
the new fracture frequently Cdovs not appear exactly in the 
mine 2f the old fracture, but closely above or below it. 
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Illustrstion 40 
a) Freshly henlec tibia fracture. 
b) Refracture while double neil is 
still in place. 


This is due to the callus being more resistant than the bone 


tn the immediate vicinity, pertloutarly if it-4ts:.psst in 
; icium as a result of 


a 


Illustration 41 


‘Healed leg-fYracture - 
shortly before extrac- 
tion of medullary nail. 
Refracture after extrac- 
tion of nail. 

Medullary nailing of re- 
fracture, advanced stage 
of callus formation. . 


PERSONAL EXPERIENCE ITH REDULLARY NAILING 
OF SIMPLE PRacTURES. 


"During the period of vine embraced by this report 102 
simple fractures were treatcd with percutaneous medullary 
nailing at the University of Giessen hospitals. The majori- 


Were 32 leg fractures, 18 humerus, and 7 forearm fractures. 
Our results are demonstrated in the table (Illustration 42). 
mt reveals that bony healing without any complication was ob- 
Bained in 82 cases corresponding to 89 %. Complications were 
Observed in 18 cases. They usually consisted of a delay of 
Solidification of the fracture (12 peace while slight in- 
mee Stone were observed in 3 cases. Ostcomyelitis was observed 


Percutaneous Medullary Nailing of Closed Fractures 


Bone in- 


Forearm ay 6 KS | 1 delayed | “sa 


healin 


Femur 45 40 


| 4 delayed '1 death 
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Illustration 42 


in 2 cases, both of them involving the tibia. Pseudarthrosis 
of the femur was observed in 1 case in spite of treatment by 
pedullary nailing. Among these lo2 closed fractures treated 
with percutaneous medullary nailing fatal outcome was observed 
in 2 cases, one of the patients dying from fat embolism after 
medullary nailing of both legs, the other one dying after the 
Gevelopment of a knee-joint cmpyema originating from the me- 
dullary nailing of the tibia and causing a septic thrombosis 
Of the pelvic veins. This latter case induced us to choose a 
Place lateral to the tubecrositas tibiae as the insertion 

Site, since the perforation of the ligamentum patellae pro- 
vokes the danger of infection for the knee-joint. At this time 
ho penicillin was available. 


ty of these fractures were femur fractures (45). Besides, there 
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s The success obtained with regard to the adjustment of 
the fracture and above all the excellent mobility of the 
joints as well as the possibility to dismiss the patients 
‘early for ambulatory treatment with the medullary nail in 
‘place, determined us to continue with the method under con- 
' sideration of the indication which was thoroughly discussed 
"above. In the course of the last years we sometimes extended 
'the field of indication, and sometimes reduced it according 
'to the experience made. There is no doubt that the sulfona- 
'mides and principally penicillin are drugs which have a 
“decisive influence upon the indication for the medullary 
‘nailing even of the compound fractures. This shall be men- 
‘tioned here beforehand and with all due ceution. 


OPEN MEDULLARY NAILING OF PRIMARILY 
SIMPLE FRACTURES. 


The preceding chapter outlining the range of meduliary 
“nailing within the conservative and operative fracture treat- 
-ment, its general advantages and disadvantages, and some dan- 
ger sources of a similar general nature, could treat their 

' subjects with finality, as the principal problems of the me- 
_ thod have been settled today to such an extent that vital 
'pints of a general nature no longer are a matter of discussion. 
The treatment of the indication for the medullary nailing of 
' simple fractures could also proceed along similar lines: 

| fundamental rules were established which most likely will 

| not be subject to significant changes in the near future. 
These chapters were then followed by the description of the 
technique of the medullary nailing of simple fractures. The 

| discussion of technical modifications as they were necessi- 

' tated by the medullary nailing of compound fractures or by 

a simultaneous operative exposure of the fracture site, be 

| it for reasons of reduction, or of osteotomy of old and un- 

| satisfactorily healed fractures, was purposely disregarded. 


, 
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| The description of the easiest technique employed in the ideal | 


|} case of a simple fracture stitable for percutaneous nailing 
| was to give a model of the typical procedure for every bone 
‘and its various types of fractures. This is to be considered 
'ag the basis of the technique and es an unalterable frame _ 
| for the following discussion of the other possibilities for 
| the application of the medullary nail. In every case of 

| medullary nailing the operating surgeon must endeavor to 

| adapt the operation to that schedule representing, if one 
/might say so, the ideal technique, or with other words: 

| the technical concept of the method. The topics of .the 

| following chapters, however, are still subject to change 
as the literature shows, and so far it has not yet been 

| possible to establish a strict dogma in all points. We 
therefore deem it correct if in accordance with the varia- 
/bility of the procedure and of the results a greater space 
'is reserved to the subjective character of the literature 

| references and to our personal observations. We believe 

| that it is only of advantage for the method if the success 
and the failures observed within our range of observation 
}are put in the foreground, as finally it is only the. free 

| communication of all experiences which gives a rounded 

| picture of the width of the field of medullary nailing as 
'well as of the counter-indications. 


a It sometimes happens that notwithstanding all manipu- 
‘lations and reduction appliances » fracture cannot be reduced 
isatisfactorily. Then, of course, it is not possible to in- 

| troduce the medullary nail. These are the fractures which 

| before the introduction of the medullary nail method 
“necessitated operative reduction. The question is, whether 
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such operatively reduced fractures should be nailed or not. 
By the operative exposure of the fracture site one abandons 
the most important advantage of medullary nailing, that is 

fa diminished risk of infection and the preservation of the 
biologic complex which is encompassed by the term "fracture 
focus", Strictly speaking opcrative reduction renders me- 
Gullary nailing senseless. If, however, one is compelled 

ito perform operative reduction, it is essential for the 
further course of fracture healing to select the correct 
fmethod of retention. It rarely is possible to unite the 
fracture planes so securely by simple cogging that there 

is no hazard of dislocation after the application of a 
plaster or extension bandage. Therefore, we have to rely 
‘upon foreign bodies t2 retain the fragments in place. We have 
almost completely abandoned the use of Lane's plate as its 
application resulted in failures which could have been 
‘avoided with other methods. They usually consisted in loosen- 
ing and bending of the screws, or a matter of greater con- 
sequence , in the formation of pseudarthrosis, because the 
splint apparently acted as a distension mechanism wnich pre- 
vented a close contact of the fracture planes. In the chap- 
ter dealing with pseudarthrosis such an example will be given. 
& wire suture applied through @rill-holes in the longttudinal 
axis of the bone usually contradicts the most primitive laws 
of mechanics, and it is not able to provide a satisfactory 
fixation of the two fragments upon each other. One repeated- 
iy however, observes fractures in which a wire loop applied 
in longitudinal direction attempts to unite the fragments 
firmly, an enterprise which is successful in very rare cases 
lonly and with bones of 2 small diamaeter (forearm). When 
regarding the way a joiner would proceed to fix two laths 
together, one will appreciate the inadequacy of these wire 
Sutures. We are not quite sure as yet whether or not they 
exert‘an inhibiting effect upon the formation of callus as 
foreign bodies. It is, however, quite possible that this 

was sometimes the case. In the case of long oblique fractures 
and of spiral fractures a wire loop around the circumference 
of the bone (cerclage)is practicable. There is no principal 
Objection against this method and later on we will be able 

to show that it can be used to advantage. But it is particu- 
darly these transverse fractures, cligible for operative reduc- 
tion which cannot be treated by a wire loop slung around them. 
in these cases we several times employed medullary nailing for 
‘the purpose of retention and it yielded good results. 

| 


| Regardless of the risk or the inoffensiveness, the po- 
Sitive or the negative value of the introduction of foreign 
bodies, one should always endeavor to disturb as little as 
possibile the fracture site in which complex biorligic pro- 
cesses take place. During discussions of the problem of buried 
foreign bodies the medullary nail was frequently rejected, be- 
cause the medullary nail allegedly constitutes the biggest of 
all buried foreign bodies known so far and because it allegedly 
disturbs and impairs the progress of fracture healing. This 
reasontg most certainly is not correct. If foreign bodies dis- 
turb fracture healing this effect usually is due to faulty 
application. The numerous experiences made by the surgeons: 
all over the world with the fastening of bone grafts during 
the treatment of pseudarthroses speak against damages caused 
by simple wire loops. VON ERTL(39 certainly gwes to far in 
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Modectine ‘the es se and Te ee oe An 
pi icient immobilization resulting in the disturbance. 
of fracture healing, or other mechanienl deficieneies such. 
bas the distending effect of Linets plate may be a factor of 
“much greater importance than the fret that the nail is a 
foreign body. One should not oxnect one or two wire loops 
'to produce en absolutely stable fixation of a fracture with- 
Pout an additional external support, particularly if, as is ae 
the case with the femur, one has to deal with extremities of ee 
- considerable weight constituting long levers. We believe that 
4 these factors frequently sre responsible for the technical a eae 
| deficiencies, but that they are not the effect of the foreign Le 
bodies alone. As for the medullary neil it must be said that me 
it has no contact with those tissues in which the healing 
of the fracture takes vlace, that means with the periosteum 
and the muscular cont. The medullary nail constitutes no 
foreign body in the fracture. Its effect upon the bone marrow ae 
pals cannot be the reason for its rejection as a means for ae 
pPretention after operctive recuction, since it became @®bvious 
' by innumerable nercutaneously naile’ fractures that this 
|factor plays no essential part. In fact the medullary nail Boer 
“represents the best instrument for the fixation of the eae 
_ transverse fractures after they have been retiuced operatively on 
‘and no better metho? is available (SCANZONI (40)). Moreover, 
| the onerative reduction using the medullary nail is much more 
conservative than the use of other foreign bodies, as the be 
-intervention at the fracture site itself is limited to a Meine # 
“ninimun, to reduction exclusively, anc as no further damage oe H 
is caused particularly as regards the periosteum. This also Sees 
eliminates any debate -s to whether or not transverse fractur- 
es can primarily be treated by a locking bone graft. In ad- , 
“dition the medullary nail frequently can be inserted from et eh 
the fracture site after exposure an] this increases the ae 
security and the speed of the intervention. Furthermore all 
the other general advantazes of medulla:; nailing are positive 
factors, above all the short time of confinement to bed, and 
“the possibility to begin exercises early. 
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. As regards technique the open medullary nailing ‘ 

of the femur offers severnl ; peculiarities and there- (aa 

4 fore it shall be described seporately. The fracture eae 

® is exposed by a loncitudinal incision at the lateral oa 

4 aspect of the thigh. The best position of the patient i 
on the operating table is a slightly oblique one. The ee 
use of the extension apparatus is only necessary in es 

the case of a considerable longitudinal shortening 

@ but it is advisable in any case to annly the extension nae 
sleeve to the foot before the oneration, es it may ee 
become necessary to ennly strong traction during the Oy ae 
operation. If the obstacle to reduction is eliminated ee 
the long guide-rod is introduced from the fracture 
site into the medullary cavity of the proximal frag- ee 
ment, and it is pushed u»wards immediately. At the me 
proximai end of the bone the tip of the guide-rod rie 
protruding beside the trochanter major is exposed 

j by the same short cutanersus incision es is practised 

q with the percutaneous medullary nailing. Now, the tee. 

medullary nail determined as to length and thickness ‘Me 

is guided over the rod from above as usual, and 


a 

o. 
: 
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a iby cleft. Paueenancntts the guide-rod is 
withdrawn through the lateral incision, it is 
- turned round and inserted from above into the 
nail which now guides the rod. The guide-rod 
also appears in the fracture cleft, the fragments 
. are united by single-pronged hooks, and the 
. @uide-rod is inserted into the distal medullary’ 
| cavity. From now on medullary nailing is per- 
| formed as usual. The wounds are sutured and the 
extremity is bedded, or a plaster cast is applied 
| if necessary. If it is not possible to unite 
the fracture planes despite extension, which 
: may occur with old neglected cases, one may 
| be successful if one angulates the fragments 
to a great extent (There is an instructive 
| illustration of this procceding on page 13 of 
| the monograph prepared by KUENTSCHER and MAATZ 
on the Technique of Medullary Nailing). By no 
means, however, should one extend the femur 
too abruptly in one session, as there is the 
danger of a rupture of the intima of the arteria 
femoralis. 


q The nea tpO 4 ,0f infection i not greater with the medul- 
lary nail th Bay other operative reduction. If one has 
Treason to worry about the aseptic performance of the inter- 
vention it is recommended to powder the wound with sul- 
fonamide (marfanil-prontalbin) and to give an injection 

of sulfonamides or penicillin subsequent to the operation. 
Here, too, the approved principle is valid that an — 
absolute immobilization is the best means to prevent in- 
‘fection. This purpose is served in the first place by 
medullary nail, but one should not forget that the immobi- 
lization of the soft parts is of just as great importance. 


In addition to the fractures which due to difficul- 
ties of reduction are reduced operatively, the long oblique 
‘and spiral fractures also are eligible for operative treat- 
ment, as wireloops put around the fracture planes lying 
obliquely a Ep each other offers the safest means for an 
exact reduction and retention of these special types of 
fractures. In such cases one, therefore, will frequently 
decide in favor of a primarily operative treatment involving 
‘the exposure of the fracture. In consequence of the opening 
of the medullary cavity which mainly runs in a longitudinal 
direction, medullary nailing is not always capable of immo- 


‘as well in a lateral direction so that the medullary nail 
finds only an insufficient hold in the short parts where the 
‘bone is intact and a longitudinal displacement and rotation 
‘of the fragments over the inserted nail is to be feared with 
long oblique fractures and with spiral fractures (dislocatio. 
‘ad peripheriam). 


On the thigh and on the leg DECKER) used to 
expose the fracture and to perform simple looping 
with catgut or silk threads. He did not employ med ~ 
ollary i laine in such cases for fear of the additional 
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‘bilizing the fracture sufficiently. The fragments may separate 
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yperative strain for the pntient. His concern 

as regards the immersion 35! forcign bodies was 
so great that he applied only one single looping 

(cerclage) possibly not consisting of wire, and that 

for elimination of any further disturbance of the 
condition of the fracture he performed these opera- ‘3 

tions in bed for many years. Additional fixation au 

was accomplished by means of wire extension which 

remained in place even sfter the operative fixation, 

or plaster cast was used for this purpose. Even short 

oblique fractures which can just be held by the loop, 

were treated in this way. The result of such a treat- 

ment was satisfactory and since 1934 there was no 

case of infection. 


f For the operable oblique and spiral fractures to be se- 
flected in every individual case we chose a compromise by com~ i 
bining the wire loop with medullary nailing. In this case one ae 
may restrict oneself to one or two wire loops and thus take | 
lcare that the fracture is spared, while the remaining part 

fof the fixation is left to the medullary nail. Wire looping, there 
fore, restores 80 to speak the continuity of the osseous tube re- 
quired for medullary nailing, and the conditions are created for 
the use of the nail with 211 its well known advantages. A medicai 


history and several illustrations may serve as an example: a 
r 


Medical history: Lucie H., 67 years old, 3 

_ slipped and fell on an even floor on 10 January 1948. 
She suffered a long oblique fracture of the right 
femur shaft; the hip-joint was completely stiffened 
in consequence of a previous arthrosis deformans. 

On January 12, 1948, the fracture wis reduced 
operatively, and the fragments were immobilized 

i wire loops. The medullary nail. was inserted ce 
at the site of the operation wound ‘spinal anesthesia). Be 
The wound healed without any complications after it : 
was bedded upon a Volkmann's spiint. Woilkxing was es 
resumed first on February 4% 3943, and the patient . 
was dismissed for ambulatory treatment on February * 
28th 1948. The joints were mobile to the same eae 
degree as before the accident (Illustration 43). 
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iilustration 43 
a) Long oblique fracture of femur. 
b) Condition after wire looping 
and medullary nailing. 


| The therapeutic result obtained with another case 
preated in the same way is shown in Illustration 44. 


illustration 44 
a) Spiral fractureof femur. 
b) Condition after wire looping 
and medullary nailing. 


Si, Ih : “erscs” the method sugges 2d 
led Wh GNU tube hag proved useful, so 
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shall employ it agsin ? suitable cases. It scems 


Illustration 4 


Oblique fracture of leg. 
Fixation of fracture by wire loops 
and Megnus-tube. 

ce) Condition after healing of fracture 
and removal of wires. 
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“that the method presently has been forgotten, a fate it really 
“does not deserve. In our cases the fixation of the tibia 
fragment was so stable that we could sbstain from additional 
medullary nailing. The application of Braunts splint and an 
early walking cast yielded excellent results even with regard 
to the mobility of the joints.In these cases medullary nailing 
would not have offered a note worthy advantage. One always 

faust be aware of the fact that schematized fracture treatment 

is by no means ideals The choice of the most adequate method 
for every individuel fracture should be based on the multi- 
~tude of the available methods and if after the examination 
of all advantages and disadvantages one is under the in- 

“pression that less severe interventions lead to better re-. 

sults they must be given priority before medullary nailing. 


Although it is a fundemenbsl feature of the medullary 


Te otmaeity complicated fpackanee superfluous “in fresh cases, 
there are nevertheless older fractures or such fractures 
which are on the border between fresh and 21d, which cannot 
be reduced to a satisfactory position by conservative 
measures. They are usually fractures which even with the 
application of the usual types of treatment would have 
required operative reduction particularly when ottempts 
for conservative treatment h>d n> success. In a certain 
-mumber of such cases medullary nailing may be 2 profitable 
means for retention subsequent to the operative union of 
the fragments. As an exemple I would like to mention the 
case of a subenpital humerus frecture which in another 
Clinic had already been the object of a futile attempt 

to unite it with wire sutures (Illustration 46). 


Illustration 46 
a) Old subcapital humerus fracture sfter wire 
_  guture performed in another hospital. 
b) Condition after operative reduttion and 
medullary nailing from the distal end. 


In this case reduction was achieved operatively end it was 
rept stable by the medullary nail. The conditions required 
that here the nail was hammered in from the humerus shaft 
towards the proximal end which is not the typical procedure. 
’ en discussing the indication for the medullary nailing of 
he humerus fractures we contended that the subcapital 
‘fractures ere suited for medullary nailing though not without 
i estriction. We still hold the same »pinion and the above 
mentioned case of medullary nailing used for the treatment 
‘of such a fracture is no proof of the contrary. It only 
shows that in special cases medullary nailing may success- 
fully be used with a subcapital fracture too. One may even 
contend that any other method would hardly have been able 
to achieve retention of such a fracture which for mechanical 
reasons is very difficult t> treat s> satisfactorily as was 
feasible with medullery nailing. 


i The fractures of the forearm shaft range among the types 
of fractures which also most frequently offer considerable 
difficulties to reduction. Some of the obstacles observed 

in these cases may certainly be overcome by medullary nailing 
if one only is successful in reducing at least one of the 

two bones and in fixing it with the medullary nail. Here an 
attempt at medullary nailing is als> permissible if reduction 
prior to medullary nailing was not successful, as sometimes 
medullary nail introduced into done of the fragments pro- 
vides the possibility of controlling the bone in such a way 
that finally the nail tip strands »pposite the medullary 
cavity of the other fragment, so that the nail can be driven 
into it. If reduction fails even though such a stratagem 

was employed, the »perative reduction of such fractures is 
indicated. Here medullary nailing renders the operation very 
Spe “etiam and economic, as in many cases there is no need to 


6" thar one bone, because the one assumes a 
tion automatically after » good anatomic adjustment 


goo | 
‘of its: Pe eon: Thus, for instance, in the case of a 4 week 
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old forearm shaft fracture only the’ racius was reduced 
operatively and nailed with tl. final result of an ideal 
adjustment of the ulna the fracture of which was soon conso- 
lidated subsequently, while the nailed radius took more time — 
for bony consolidation a a 47). 


Illustration 47 


Transverse fracture of 
forearm. 

Medullary nailing of 
radius. Healing has set 
‘in on both bones of the 
forearm. 

Healing of fracture and 
removal of medullary 
nail. 


These few hints may be sufficient to throw a light upon 
the actually rare necessity of exposing a primarily closed 
fracture for the purpose of reduction and medullary nailing. 
Considerably more significance must be attributed to the oper- 


nation “Or fin en im oqust 
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INDICATION FOR MEDULLARY. NAILING 
OF COMPOUND. FRACTURES. 


The decision of whether or not in the case of compound — 
fractures medullary nailing has to be considered as ingieated. 
is grave, unavoidable, and of fundamental importance, 


So far the basic principle to be applied to the treatment 
of a compound fracture was to convert it first to a closed 
fracture, and even this was only practicable if the wound had 
not to be considered as seriously infected. In cases of serio 
infection or contamination the excision of the wound (FRIEDRICH 
is not reliable and open wound=-treatment must, therefore, be — 
taken into the bargain. Although medullary nailing does not’ 
break with these principles to a large extent, it cannot be | 
denied that it causes a breach in the wall of this thousand= _ 
fold approved principle. This was mentioned above, when the © 
range of medullary nailing within the methods applicable for. 
fracture treatment was discussed. ; 


It may be appropriate here to say a few words about the — 
significance of the term"compound fracture", It is necessary 
to narrow the meaning of this term, that means to outline it 
more precisely, and one should not count every fracture com- 
bined with an additional wound among the compound fractures — 
as is frequently done. Rather, it is absolutely clear that — 
only such fractures can be considered as compound fractures 
where the fractured bone Ccameinto communication with the © 
outer world. In most of the cases this happened in such a way 
that one of the broken bones pierced the soft tissue from ae 
within. It is most important to know this fact, as such a 
mechanical process is less apt to cause soiling of the wound © 
than a complication of the fracture »s the result of direct — 
force acting from without. This is imvortant for the nartiousee 
lar reason that in the former case rather than in the latter _ 
one may hope to restore aseptic cond ttLong by operative wound 
treatment, and to nurse the wound after closing it. An 
additional soiled injury which does not communicate with the 
fracture cannot be classified as a compound fracture. 


se 


The surgical treatment of the complicating 2s well as 
of the non-complicating injuries has to follow the lines 
of general surgery. The investigative work of the genera- 
tion of surgeons subsequent to FRIEDRICH has developed the 
eight-hours limit. These principles are also valid for the 


medullary nailing of compound fractures which will be shown 
as reall 48sible and the onl matter of importance is, oo 
whether these pr inciples permit surgical wound treatment hay 
with primary suture and a trnnsmutation of the open frac- ais 
ture t> a closed one or not. if this is not the case, the sh 
coe fracture cannot be treated = medullary, haisines | joe 

f these approved principles are cons dered, skill and ex+ ("775 
perience will succeed t» keep the breach broken into them as — 
small as possible. . 


It is of great value that during the first years of 
medullary nailing a current an’ unrestricted record was kept © 
about the success and the failures of the method. Thus it was r 
possible to recognize the true amount of the failures and 
particulerly of the infections which sometimes took a fatal 


Ee edurae The. ens of failures is by no means s2 peat as 
to have a negative effect upon the validity of the method. 
Rather, the analysis of the coses of infection gave suf- as 
ficient clearness about the renge of indicstion for the of 
medullary nailing even of compound fractures (FISCHER and. =a) 
REICH (42)), EHALT (43). 


Nevertheless BORHLER (44) shows some reluctance 
against the nailing of frcsh open fractures. "The 
prerequisite for a satisfactory result is a thorough © 
wound excision and a dermal cover free from tension." - — 
"The open medullary nailing of the open leg fractures 
was a failure, and I therefore forbade it in my sphere 
of work.” 


Even though infections of the medullary cavity occur, 
theyusually are easy to control, 2s the medullary nail it- 
self, so to speak, acts as a drain, and as in addition one 
must take into account that the fracture is immobilized by Bk 
the nail to such an extent as might ever be desired. A ee 
phlegmon of the whole marrow cavity is an extraordinarily 
rare occurrence, as revealed by the literature and personal ~ 
experience. Conditions were considerably improved during. 
recent years by the possibility of ndministering sulfonamides — 
and above all penicillin to the patients. It was nentionea, 
earlier and we would like to reneat it here that with the we 
help of penicillin one is entitled in many cases to make 
a primary suture and to perform medullary nailing of 
complicated fractures. This was not permissible prior to i 
the penicillin era. We even believe that this kind of treat- © 
ment, if applied in the right manner, no longer constitutes | 
a risk or a heroic attempt, but that our ideas regarding 
the treatment of infected wound s and complicated fractures 
may even become subject to fundamental changes. Under the right 


manner we understand the responsible combination of the 
operative wound treatment with the immediate administration cee 
limit. To the same measure to ahieh oh the indication Cor the 
primary wound suture of infected wounds is extended, the 
field of spplication of medullsry nailing is enlerged. It 
therefore is not true that the principles valid so far and 
outlined above could or should be disregarded, but it is 
rather this enlargement of the field of indication which 


evokes and requires the sense of responsibility of the sur-_ 
geon. 


FISCHER and REICH (45) are in favor of the 
medullary nailing of compound fractures, snd they 
believe that the medullary neil may remain in 
place in spite of suppuration, 2s with their cases a 
the process of inflammation was restricted to the i 
fracture site 2nd to the bone marrow, and as no 
diffuse ohlegmon of the bone marrow sand no progressive 
osteomyelitis developed. 


4 recommends the eicay enitin of 
aa ‘freetures, while FISCHER and MAATZ Sing o 
fave abandoned medullery neiling of severe com= 
pound fractures. Thy :lso underline thet compound 
fractures must be noiled inmmcedintely if one wants : 
to avoid the hazard of infection. MAATS and REICH (48) 
gave détailed records about the course of a bone 
infection efter medullary neiling, and they drew | 
the same conclusions 2s FISCHER snd REICH. However, 
among their patients there were several cases of — 
serious sepsis which in the final analysis had to 
be charged to medullary nailing. The thorough 
description of these cases was very instructive. 


In accordance with these directives the Giessen clin: 
attempted the medullary nailing of compound fractures with 
great caution. This is also the reason why we do not yet | 
possess so numerous material -s to be able to give perce. 
with regard to success and frilure or complications. We mu 
therefore, restrict ourselves to five medical histories as 
examples. We believe, however, that the study of this delicate 
chapter of the Kuentscher Nailing is better made in the form 
of accurate reports on individusl cases, than in the form of 
greater statistical compiiations, which cannot give indi 
of the difficulties and provlems to be overcome with the 
lary re of compound fractures to en extent as it is = 
sible with the aid of the individual cese history. We are not 
so much concerned with showing a large number of fractures 
healing smoothly and without complications after being treat- 
ed with medullary nailing, but rether with stressing what 
must and what may be done. 


As regards the technique of the nekuriary nadie of 
eompound fractures, the following method proved useful. Th 
position to be sclected should be the snme as with percutal 
medullary nailing of closed fractures. Then wound excision: 
should be accomplished first, but the wound should not be 
closed yet. After the excision of tne wound the medullery r 
is hammered in with a clean s.t of instruments until it ar 
at the fracture site. If one is not immediately successful in 
passing the fracture “site snd in introducing the medullary 

nail into the cavity of the distal frogment, one had better ~ 
fees the wound geping open by hooks snd the insertion of thea 
neil into the distal medullnry cavity is performed under 
direct vision. One goes through the wound already present, | 
while for the open medullrory nailing of primarily closed frac-_ 
tures a particular incision is mode to expose the fracture | 
site. When medullary nailing is terminated, the wound is 
powdered with marfenil-prontalbin sulfonamide powder and 
sutured. 


Medical history: A.W., 27 years old. Comminuted 
fracture of the right femur due to pistol shot on June 
lith, 1947 (Illustration 48). The patient was operated 

on immediately, the entrance and exit wounds were excised, 


Illustration 48 
a) Gunshot fracture of femur. _ 
b) Condition after medullary nailing. 


and percutaneous medullary nailing from the trochan- 
ter major was performed. The wound was sutured per 
primam and 1 million units of penicillin were given 
subsequently by administering 30,000 units every 
2 hours. On August 2, 1947, the patient was dis- 
missed. The fracture healed in a satisfactory posi- a 
tion without any complication. 4 months after the 
gunshot fracture, on October 13, 1947, the condi- 
tion of the fracture was good, as shown in the 

- Lllustration. 


This case reveals that even gunshot fractures 
may be treated with medullary nailing, if excision 
of the wound end medullary nailing are performed 
within the eight-hour limit, and if penicillin is 
available. We shell give a separate record about 
the gunshot fractures when the compound fractures 
will be discussed. 


Medical history: A.R., 28 years old, was the 
victim of a traffic accident on November 26, 1945 
whereby he suffered a femur fracture on both sides 
as well as a compound fracture of the right leg. 
Both femora were treated by percutaneous medullary 
nailing. The complicating wound on the leg was 
carefully operated on, :nd it was sutured under 
the ample use of marfanil-prontalbin powder, as 
the eight-hour limit had alresdy been exceeded. 
The tibia too was treated with medullary nailing. 
The wounds had healed on December 7, 1945. Later 
on a slight suppuration was observed on the wound 
of the leg, although in the beginning there were 
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r cig otto ihe I 
- spot beside the tubcrositas tibiac, where the 
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the tibia, and a circular plaster cast was es 

applied. the suppuration decreased in the course = 

of time. Later on (June 27, 1946) an abscess 

was formed on the right leg, an incision was © 

made, and two medium-sized bone sequestra were 

removed. Subsequently suppuration ceased, and 

the patient was dismissed on October 3, 1946, 

to ambulatory treatment. During the following 

period of time several incisions were necessary ae Be. 
as circumscribed abscesses had formed several OT 
times. The suppuration was always easy to con- We 
trol. The medullary nail of the left femur was Pe: 
removed on January 8, 1947. On January 21, 1947, nee a 
the patient was readmitted because of a refrac- es 
ture of the left femur. Medullary nailing was 4.0 
performed again and then a satisfactory callus vee 
formation set in. The femur was readjusted satisfac- 

torily. The medullary nail of the left femur is pits 
still in place, because on the roentgenograms the 
fracture cleft is still visible in outlines , can 
(Illustration 49). The various incidents had the © 
result that the medullary nail in the right femur. 
was not removed either although it would have been 
practioable according to the condition of that ve 
fracture; but there was no need for precipitate él 
action. The joints of the two legs are freely te 
movable in spite of the prolonged treatment Ee 
with the exception of a slight impediment of the 

right upper foot-joint. | 


This case showed that medullary nailing of ee 
several simultaneous fractures is quite possible, ~ *: Me 
and here it was the only means to obtain a free ai 
mobility of the joints. The transitory secretion ee 
of pus did not prevent a satisfactory final result. ue | 
It is, however, quite possible that the course cs 
of healing would have been much more favorable Ba 
if penicillin had been available. ee 


Medical history: P.H,, 15 years old, suffered 
@ compound fracture of the right ferur on April 154 a 
1946, when he was run over by a tractor. Operation Be: 
was performed immediately. The wound was excised 
and a medullary nail vas introduced from the 
exposed fracture. Marfanikprontalbin powder was 
sprayed over the wound, which was sutured, and | 
only a thin subcutaneous rubber drain tube was (eae 
laid into the wound. This drain was removed on as 
April 17, 1946. The progress of healing showed ‘seam 
no complications, the leg was first subjected | Pee 
to weight-bearing on May 5, 1946, and the patient oe .. 
was dismissed for ambulatory treatment on May 18, ee. 
1946 (Illustration 50), ; 


femur (simul tan eigedie lend t ‘ight femur and 
Medullary nailing with too. short a nail. 
Condition arter he 1g of fr ture and 

removal of medullary na. weugeee ed 
Refracture of left femur. i 
insufficient fixation during» 
nail being too short fewer ; 
Condition after second med lary ‘ois be- 
cause of refracture. tia progress of callus 
formation. 
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Illustration 49 (cont!¢) Ss 
Oblique fracture of right femur (simultaneous < 
fracture of left femur and right leg). — | 
Medullary nailing. Good progress of callus 
formation. 
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treated with a doub.e vast (simultanecas femur 
fracture on both sides}. 

Condition afte: Sea.in, of Tracture end removal 
of medulla?) niiis. ww the sourse of treatment 
resection of “itvula wee necessary. The tibia . 
fragments wer: shiftec by half the width of the 
shaft, as the fracture was not very suitable for 
medullary nailing because the distel fragment was 
too short, 
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The latter case shows the course of a femur fracture 


which was immediately treated in the correct way. Illustra- 
_ tion 51 shows the undisturbed healing of another nailed 


compound fracture of the leg, as well as Illustration 52. 
Today we would immediately commence with penicillin treatment 
for security reasons together with simultaneous medullary 
nailing. But in the case described above this was not 
necessary. We dispose of a larger number of compound frac- 
tures, which had healed without any complications after 
reduction and medullary nailing within the eight-hour limit. 


An early, most preferably prophylactic administration 
of penicillin is apt to soothe all worrying, which is always 
in the background when complicated fractures are nailed. 
Under the protection of penicillin which in this particular 
case was immediately available, we excised the considerably 
soiled wound of the complicated leg fracture and we sutured 
it per primam, while there was a considerable tension. 
Medullary nailing was accomplished within the eighthour 


limit. The undisturbed course of the wound healing per primam 


and without any rise of temperature is particularly apt to 
demonstrate the great gain which is represented by this for 
the time being latest form of fracture treatment. As early as 
4 weeks after the injury, the patient could get up with a 
walking cast and as regards the fracture, this would have 
been possible earlier, if there had not been a simultaneous 
cerebral concussion prolonging the period of confinement 

to bed. 


Conditions are somewhat different in the following 

case which shows that even severe injuries which at 

an earlier time almost certainly would have necessi- 
tated the amputation of the limb can in an excellent 
way be treated with medullary nailing and penicillin, 
thus enabling the preservation of the injured extremity. 


(Text see next page) 
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Illustration 50 
a) Compound fracture of right femur. 
b) Condition after medullary nailing. 
¢) Weight-bearing and mobility 2 weeks 
after medullary nailing. 
a) Condition after fracture healing and 
removal of medullary nail. 


(Text see next page) 


egy Mera 
| ajc! eal 


—eUClUCl 


Illustration 51 

a) Compound leg fracture. 

b) Condition after medullary 
nailing and primary wound 
suture. 

c) Healing of fracture. 
Removal of medullary 
nail. 


Illustration oe. 
a) Compound ies Practrre and 
fracture of ncdie: mati- 
leolus. , 
b) Medullary nailing after healing 
of complicating wounds, 3 weeks 
subsequent to injury. 


c) 


Illustration 52 (cont'd) 


Healing of fracture and 
removal of medullary nail. 


Medical history: P.D., 15 years old, suffered a 
compound fracture of the left humerus with a large com- 
minuted wound (Illustration 53 a), as well as a com- 
pound fracture of the forearm on the same side. The 
wound was treated operatively and it was sutured per 
primam after it had been powdered with marfanil-pron- 
talbin powder. The humerus fracture was treated by 
medullary nailing from the proximal end and due to 
the small caliber of the medullary cavity, the fore- 
arm fracture could be fixed by irschner wires only. 
Subsequently sulfonamides and penicillin were given. 
The wounds healed per primam. The accident had 
occurred on March 12, 1947, and the patient could be 
dismissed on April 3, 1947, fcr a period of 2 weeks. 
The further course of healing aiso was undisturbed as 
far as the hesling of the wound and cf the fracture 
was concerned, apart from an incomplete paresis of 
the radial nerve and an impairment of the median 
nerve. The radial nerve was not visibie in the large 
wound caused by the injury. In the course of treet- 
ment restoration of the nerve function was slowly 
established (Iliustration 53, b-g)}. On the humerus, 
however, no bony solidification occurred, and a 
pseudarthrost developed over the meculiary nail in 
place. After one year it was consoliasted within 
3 weeks as the result of the transpinntation of a 
tibia graft according to PEELIGTEE (cee chapter 
dealing with pseucartiuros:s, 


Another case aintre the comocund fractures 
treated by us, who came under srescment after 
the eight-hour limit was exceeded, could not be 
nailed per primam. . 
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Medullary nailins of numeorus from the proximal 
end, and meduller) noicing of both forearms 
(March 12, 1947) 

Condition after healing of forearm fracture and 
removal of medullary nails (September 17, 1947). 
Pseudarthrosts of humerus while medullary nail 
is in place, probably eee cn: from distension 
of fragments (February 11, 1948) 
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Illustration cont'd) 

g) Condition 3 weeks after bone graft 
according to PHEMISTER. Commencement 
of bony solidification of pseudar- 
throsis. 


Medical history: .H., 47 years old, was run 
over by a car on August 29, 1942, and suffered a 
compound fracture of the left leg. The wound was 
treated by counter-incision, and a drain was 
inserted. The fracture was reduced and wire 
extension was applied through the talus, the 
extremity being bedded uvon a Braun's splint. 
After the wound had healed, medullary nailing 
of the tibia was performed on September 22, 1942, 
that means 3 weeks after the accident. No com- 
plication occured subsequently. The patient rose 
as early as on October 24, 1942, after a U-shaped 
plaster cast had been spolied. On October 28, 1942, 
the patient was dismissed for ambulatory treatment. 


The plaster splint was temoved on November 11, 1942 
9 ae 


when the fracture was conscvlidgated; medullary nail 
was extracted on March 5, 194%, The final resalt 
was excellent. The patiens wes incapacitated by 
about 15 %. The medical ears history reveals that 
the medullary nail remsinec in place for a long 
period of time, but 'nfortunately we are not able 
to give a satisfactory explenation for that fact. 
However, we frequently made the observation that 
the medullary nail caused so little inconvenience 


to the patients that they themselves put off the remo- 


val of the nail, if once the fracture had healed. 
The case described above shows that capacity to 
work was regained while the medullary nail was 
in place, and this was the case on January 20, 
1943, that means about 5 months subsequent to the 
injury. The medullary nail was removed more than 
1 year later. 
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This case, therefore, shows that with correct 
observation of the principles of wound treatment 
medullary nailing performed sven after the compli- 

F cated wound had healed, may yield an excellent re- 

: sult. In this connection we should like to mention 
particularly that it is not necessary to let pass 
such a prolonged interval between the healing of | 
the infected wound and the adjusting operation of 
the bone, as is required in the case of osteotomy 
or of the operations of speudarthroses since with 
percutaneous medullary nailing the previously in- 
fected wound need not be opened. In these cases too, 
we have a feeling of security through the aid given 
by the sulfonamides and penicillin. 
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Medical history: P.Ke, 31 years old, suffered 
a motor-cycle accident on March 22, 1945, leading 
to a compound fracture cf the lett femur. Medullary 
nailing was not performed until. the day after the 
injury. A serious osteomyelitis developed which 
caused the formation of sev vestra as Well as an 
extremaly dangerous conditicn of tire patient in 
the course of the sicknoe: 4 Srvarodgory sepsis 
developed. There is no nc vo give all particulars 
(Illustration 54). Finaliy we were successful in 
preserving the leg. The naii was removed on Sep- 
tember 8, 1945. ater on there Stiil was a condi- 
tion of chronic osteomyclitis and sequestra were 
formed. Today the lee °s shovtened by 12 cms, 
the knee-joint is stiffenec. iu extensor position, 
and the mobility of the nip and of the foot-joint 
is considerably reduced. 
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This case shows cleorly whet dangers may oc- 
cur if one deviates from the safe way of the above 
described principles per:crmming inedullary nailing 
after the eight-hour liiuiit is cover. and before 

the infected wound is healed, 


ae 


Illustration 54. 


a) Compound fracture of the 
femur, treated at first 
with wire extension, The 
wound is drained, 


b) Medullary nailing on the 
next day together with the 
opening of the fracture and 
additional wire loops. 
Primary wound suture. 


ec) Condition after fracture 
healing and removal of 
medullary nail. 
Cf. clinical data in th 
text. 


We abstained from describing in detail those cases of med- 
ullary nailing of compound fractures in which health was re- 
stored without any complications. We just stressed some re- 
markable case histories which demonstrated the principles to 
be maintained by all means. No fatal case and no case of am- 
ne ae so occurred during the period on which we gave this re- 
port (until the end of 1947). 


After this time, however, there was 
a fatal case of a leg fracture with ad- 
ditional soiled wounds. By a mistake these 
wounds were not sufficiently appreciated as 
a counter-indication, the tibia was nailed 
without regard to the eight-hour limit, and 
a severe phlegmon originated from the nail in- 
sertion site which resulted in a septic con- 
dition and finally in death. 


Here, some consideration must be given to the medullazy 
nailing of infected fractures. In the vreceding chapters we 
made Ptze: our fundamental point of view within the frame of 
general surgical principles, and the majority of the authors 
also reject medullary nailing in such cases, but it shall not © 
be forgotten, that voices were raised in favor of the medul- 
lary nailing of infected purulent fractures (49) (50), 

As a principal argument for proceeding in such a way the 
immobilization secured by the medullary nail was mentioned, 
as it always was recov7iized as a vital factor for the control 
‘of the infection. BOER also had observed such cases taking 
a favorable course afc: they had been nailed in another hos- 
pital. In the Giessen ii:iversity hospitals NUSSELT (51) 
treated a case of infected gunshot fracture of the femur. In 
the case of this patie: "a bone graft was made elsewhere 

a few weeks after the vound had healed because of a pseudar- 
throsis after gunshot iracture. This kind of treatment had an 
unfavorable outlook from the very beginning on. Marked suppura- 
tion ensued which was associated with severe septic symptoms, 
chills, und jaundice. The temperature was very high for 
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_Illustration 55 

Gustav A., 34 Years old, pseudarthrosis after 

gunshot fracture offemur, 4 weeks after bone- 

graft. Septic suppuration. 

Condition after removal of bone-graft. 

Condition 6 weeks after percutaneous 

medullary nailing. 

Commencing grawth of bone bridge. Local 

osteomyelitis. 


 ampu tation. After Shorouzh consideration we decided ak ne- 
dullary nailing in this almost desparate case, as good re- § 
sults were yielded with some similar cases of medullary nail 
during the war. Here, too, full success was obtained (Illus- 
tration 55). The suppuration ceased fairly rapidly, the wound 
Shows only slight fistular secretion now, and the injured 
extremity can be used again to a certain extent. It therefore 
is permissible to assume that in this case the immobilization 
of the pseudarthrosis by means of the mcodullary nail played 
a decisive part in the fight against the dnfectiones44” 


MEDULLARY NAILING OF GUNSHOT FRACTURES. 


As soon as the possibility of treating compound fractunam 
with medullary nailing was recognized - this was the case in © 
the course of the war years 1939 till 1945 simultaneously wit 
the development of the Kuentscher nailing - it was only logic: 
to in¢lude the gunshot fractures in the method. There were onl 
a few theoretical objections as one could not expect that any 
other method for the immobilization of gunshot fracture of th 
long bones would be more successful than medullary nailin, 
Moreover, neither extension or plaster bandages nor a com 
of both are able to immobilize a gunshot fracture during 
portation to the same degree as medullary nailing. The exa: 
and stable fixation of the fragments avplied to the bone i 
necessarily was as important for the prevention or the contro 
of the infection not only of the bone, but also of the injure 
soft tissue, because every gunshot fracture had to be consi 
as conteminated. In addition it is an advantage of the met 
that the access to the injured extremity was easier when tl 
were neither plaster casts nor extension bandages constitu 
an obstacle to observation and treatment. 


KUENTSCHER (52) himself strongly recommended in 1943, 
apply medullary nailing to the gunshot fractures and he g: 
an account of more then 28 relevant cases showing all th 
advantages he had expected. There is indeed no fundament 
difference between the compound fracture after an accide 
peacetime and the eegehot eee ure in war. This considerat 


ciples are applied to the nedua tees nailing of gunshot fas 
tures as they were worked out for the medullary nailing o: 
compound fractures acquired in peacetime. They principall: 
consist in the strict abservation of the eight-hour limit an 
the control of wound infection by all mcens or in the corr: 
judgement of the seriousness of the infection and in the ez 
clusion of the fracture from medullary nailing if infection 
had occurred. This is nothing new, and I repeat it to stress 
the responsilibity involved. 


HAEBLER ( 52’, too, assumes a positive attitude 
with regard to tie medullary nailing of gunshot ; 
fractures, and he is of the opinion "that it is wrong 
to warn against m icow nailing of open infected 
fractures or of gunshot fractures on principle, be- _ 
cause it had ocexed once upon a time that osteomy~ — 

- itis ensued upon an open fracture. In such a case 
osteomyelitis may occur, but then it is due to se 
faulty technique. If a really stable osteosynthesis 
was performed, no osteomyelitis will be found even 
with a suppurating fracture." 


COO AS GOOEY TT OT OE TNT A TT NT I TT OT OT ET TT a eT TT er 


3  hOGe 1a ac he part 1€ 
patient as well | as. “of the surgcon and his armamenta- _ 
rium. As regards the details, information may be  — 
obtained from BOKHLER's book. His recommendation 

of the medullary nailing, however,is limited to the 
unshot fracture of the femur. For the remaining : 
ong bones BOLHLER docs not employ medullary nailing, 
because these fractures can be treated so well with 
the older methods that they constitute no urgent 
indication for medullary nailing, or because se- 
questra may be formed subsequently as is the case 
with the lower leg. 


The fact that the invention and the devolopment of the 
method of medullary nailing coincided with the years of Worl 
War II constituted an enhancing as well as an inhibiting fa 
tor. An ey factor; because the method could be admi- 
nistered in the immense ficld of treatment of gunshot frac 
and because in this way 4n opportunity was created for the. 
method to prove its vaiue to sich an extent as would never 
have been possible in peacetime; an inhibiting factor, beca 
the conditions of war brought it avout that the new method 
was given into the hancs of ircxverienced surgeons and thus 
could not yield its opeimal. affect, and as the varying con- 
ditions of war prevents: its organic development in logica 


Succession. It, therefore, was certainly an appropriate | 
measure to forbid medullary neiling in hospitals near the 
frontline. RAISCH (55) warned agoinst medullary nailing 


the advanced medic2i units. Yc reasons for this werning — 
MOG only were the dernger cf infection, but in addition the | 

lack of the minimum tecunical equipment cuch as fluroscopy — 

mma other things. Koresver, it should not be overlooked: 
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Srat 16 t6 of importance thit medullary nailine and Lts 

after-treatment are carried out by the came surgeon, a 

postulate which under war conditions is rracticable in very. 
rare cases only. No rocntgen ogram end no report, be it ever 


so detailed, is able to give the full number of the many 
Significant details snd their real character known to the 
first operating surgeon only, and which as 9 whole are no 
datails, as they influence the treatment during the first — 
days and weeks subsequent to mecullory nailing insensibly, — , 
and as they may be decisive for te preservation of the ine 
jured limb or even cr iife. The postulate made above that . 


even today the percutancous nailing of closed fractures og 
should be limited to those hosvitals in which all necessary — 
appliances and instruments arc evyailaole, not to speak of 


the training and the alts of 
particularly valid witn ragarc 
among these to the esposialiv 
with gunshot fractures. 


ne ohysielans in chatee, ae 
conpound fractures, and “ 
LoulLS- conditions present 
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- The prerecuisites porritting the medullary nailing 
of gunshot fractuces wor prineipaily complied with 
in the Navy during the war, anc here particularly 
on the big battlesiips. On these, the appliances 
required for SRST 4.08 were on hand, no transporta~ 
tion over large distanc<c.. was necessary, there 
were always the same surgeons who could rely on the 
help of well-trained medical orderlies. Thus a smooth 
performanceof medullary nailing and an adequate after- 
treatment were guaranteed. (HEIM (%)). 


We had no opportunity ourselves to use medullary naéiling | 
for the treatment of fresh gunshot fractures during the war 
In the chapter dealing with the medullary nailing of compound 
a comminuted fracture of the femur due to a pistol-shot. This — 
accident happened 1947, and the injury was cured in a very , 7 = 
satisfactory manner by wound excision, medullary nailing, and 
the administration of penicillin. However, in the military 
hospital attached to our University Hospitals during the war 
(under the direction of Professor BERNHARD) a certain number 
of gunshot fractures treated with the medullary nail in hos- 
pitals near the frontline were admitted for expert opinion 
and the course of these cases and the success obtained with 
them enable us to give our independent opinion. 


It is not possible to give an exhaustive description of 
the problem within this book. That would require a study of , 
its own. Besides one of us has not been in the position to 


fractures one will find the medicel history of a patient with 


observe such cases nailed in the advanced medical units, | ee 


and nearly the whole material was lost by the events of war. 
However, summing up we may draw the conclusion that in a few 


selected cases medullary nailing is undoubtedly able to yiela : 
exellent results with gunshot fractures too, while the majo- © 


rity is not suitable for this kind of treatment. It is the 
proper selection which in the final analysis determines 
success. This decision, therefore, can only be placed into 
the hands of a fully trained surgeon who not only is 
thoroughly acquainted with the technique of medullary nail- 
ing and the whole course of the treatment, but who in addi- — 
tion disposes of a great general surgical exverience. If 
this requirement is not met, there is the danger of great 
damage being done. It is of particular significance to take 
into account the zones of comminution by the gunshot injuries 
of the long bones. According to FRANZ (57) their extent 
ranges between 8 and 10 cms, with fractures of the humerus 
caused by a rifleshot, and over 12 to 14 cmswith fractures 
of the femur. With shell splinter injuries and injuries 

due to explosive bullets the zone of comminution may be 
even larger. Along the extent of the zone of comminution 
the bone is destroyed to such a degree that the medullary 
nail finds no hold and therefore provides no fixation. In 
‘all such cases, therefore, a plaster cast or an extension 
bandege should be applied and it is quite clear that it is 
not possible to. subject such fractures to early weight- 
bearing, as the fragments would telescope over the medulla- 
ry nail causing a consicerable shortening of the injured 
extremity. 


One of the surgeons of the hospital who was 
well trained in medullary nailing employed the method 
for the treatment of a gunshot fracture of the fe- 
mur, but he did not take into account the effect of 
the extensive zone of comminution, and as a result 
the extremity was shortened by 6 cms. 


OSTEOTOMY AND MEDULLARY NAILING OF FRACTURES 
HEALED IN AN UNF&VORABLE POSITION. 


During the years subsequent to the war an increased 
number of fractures healed in an unfavorable position was 
observed which necessitated osteotomy for correction. This 
not always was the fault of tne previous surgeon in charge 
of the treatment, but it frequently was the result of the - 
fact that extensive injuries of the soft tissue in the case 
of war injuries, or severe infections prevented an undis- 
turbed fracture treatment. Not infrequently the unfavorable 


position was due to the lack of the peaylred apelyecess and 
to similar incidental causes such as prevailed during the 
last months of the war. With war experience the knowledge 
of the possibilities for the treatment of such bone frac- 
tures was increased, and the introduction of the Kuentscher 
nailing contributed to a substantial enlargement of the 
therepeutic methods in this field too. The most varied tar- 
gets may be set for osteotomy ranging from simple refractur- 
ing of fractures consolidated in deformity to extensive re- 
constructive operations of the long bones deviating from the 
axis in all directions. Experience has taught that the reten- 
tion of bones re-aligned by operation is the very field of 
medullary nailing. 


The indication for such a proceeding is given more 
frequently in the case of the lower extremity than of the 
arm, as the anatomic accuracy of axial adjustment is more 
important for the function of the lower limb than of the 
arm. One must add to this the danger of late joint damages. 
The weight of the body resting in a faulty axial position — 
very frequently one even may say regularly, causes secondary 
arthrotic alterations of the hip, knee, and foot joints, so 
that for this reason alone it is absolutely necessary to - 
correct the axial vosition of the upper and the lower leg. 
The osteotomies performed on the arm involved predominantly 
the fractures of the forearm bones, which due to an un- 
favorable position cause a restricted mobility and an 
arthrosis of the wrist joint. 


While preparing osteotomy the condition of the soft 
tissues, particularly of the skin, must be the subject of 
special attention. Particularly as a sequela of war injuries 
or aS a result of infections and of phlegmons extensive 
scars are often found within the area of the fracture, as 
well as defective soft tissue, areas of skin atrophy, cica- 
trization, and an inadequate vascularization, a condition 
which, when neglected, endangers the success of any operation 
of the bone by provoking suppuration or necroses of the ex- 
ternal skin cover. This is the reason why no osteotomy should © 
be performed before e sufficient period of time has passed 
since the end of suppuration or fistulation. It has become 
fairly common knowledge that a minimum period of six months 
has to be observed. However, in many cases where no quick 
action was necessary, and in which one would have risked the 
loss of the extremity we have waited as long as one year. 
But even after such 2 long period it may happen that small 
abscesses filled with pus are formed in which small foreign 
bodies, silk threads, bone splinters etc. are found. It, ae 
therefore, is absolutely necessary to make a thorough local a 
and general inspection of the patients prior to the operation 
and to obtain information about the presence of hidden me 
sources of infection by examining the blood sedimentation 
rate and the leucocyte count. In addition the condition of 
the soft tissues, particularly of the skin, must be improv- 


ed prior to osteotomy, and it may even be required to per- a 
form an autodermic graft prior to the operation. This means a 
that it is more practical to restore the soft tissue before aa 
the bone is built up again. ae 


Medullary nailing doubtlessly is the best method for ai 
the fixation of the extremities after osteotomy. Mention i 
was made above of the deficiencies of other stabilizing | ihe 
foreign bodies having a purely mechanic effect. The tech- 
nique of medullary nailing after osteotomy is easier than Ss 
that of percutaneous nailing, since the difficulties of re- i 
duction are eliminated by the exvosure of the bone and by : a 


an example. But even in cases in which the medullary nail 


tension appliance. If there is a considerable shortening of 


end of 1947. The experience gained thereby encouraged us 


he osteotomy. The t 
ure site described 


om the sa of femur 
ing from the fract serve a 


operation more sparing end rapid. 
For osteotomy the patient need not be bedded in the ex- 


the extremity involved it is recommendable to attach a sleey 
or 4 loop to the hand or to the foot prior to the operation. 
By means of this sleeve vigorous traction can be exerted by 
hand if during the oneration such a necessity should ari$e. — 
Usually, however,*the bone ends involved can be controlled a 
and adjusted by elevators or by singlepronged hooks in the © 
operation wound. In most cases the medullary cavity is ob- > 
structed by callus and the best thing to do is to bore a 
hole in both directions at the site of the osteotomy using 
the pointed awl prior to the insertion of the nail. If this 
is not practicable, hammer and chisel or the electric ball — 
drill may be used. The diameter and the length of the nail 
are determined during the operation in the same way as 
described before. 


FISCHER and MAATZ (58) in 1942 gave a report about | 

14 osteotomies on the femur and about 1 on the leg performed 
because of an unfavorable position of the fracture. All of — 
them took a s»tisfactory course with one exception requiring 
amputation because of infection and deficient healing. In 
1947 GRIESSMANN and SCHUETTEMAEYER (59) described two other 
osteotomies one of which, 2 63 year old male patient, suffer- 
ed a post-operative shock and died after femur osteotomy. The 
other case showed a sstisfactory result 7nd the previous a 
shortening amounting to 5.5 cms, could be reduced to 1.5 CMB. 


In the Giessen University Hospitals 68 osteotomies 
combined with medullsry nailing were performed before the 


more and more to employ the medullary nail as a means of © 
retention for fractures realigned by operation. Our results ~ 
are shown on the following table (Illustration 56). In the 
majority of cases we had to deal with fractures of the 
lower extremity healed with deformity. Only several typical 
examples out of the ample material available shall be dis- 
cussed here (Illustration 57 to 62). 


Treatment by Osteotomy combined with 
Medullary Nailine -f 6° Fractures 
healea im an unfs =) be -Position. 
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Tllustration 56 


a b 
Illustration 57 
a) Femur fracture healed in an unfavorable position. 
b) Condition after ostotomy, realignment and medul- 
lary nailin;,.. Advanced formation of callus. 
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Illustration 58 
a) Femur fracture heaied in an unfavorable position. 
b) Condition after osteotomy, realignment and medul- 
lary nailing. 
c) Healing of fracture and removal of medullary nail. 


a b 
Lijustration 99 
a) Femur fractucse socied in 2n infavorable position. 
b) Condition afier osteotory, realignment and medul- 
lary nailing. 
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Illustration 59 (contta) 


¢) Fracture is healed a medullary nail removed. 


d) Patient 6 mon ete after the operation. 


a Se 
Liustpation 60 
a) Femur fracture noaied in an unfavorable 
and shortened ty 5.5 cms. 
b) Patient before tne operation. 


position 


c | 
Illustration 60 (cont'd) 
ec) Condition after os 


3 

toovemy and medullary nailing. 
Shortening is compensated up to 1 cm. 

d) Advanced formation of callus. Patient 9 months 
after the operation. 


a b 
illustration ol 
a) Multiple gunshot fracture ot femur healed in 
an unfavorable position. 
b) Condition after osteotomy and medullary nailing. 


Illustration 61(cont'd) 


c) Fracture is healed and 
medullary nail is removed. 


a b 
Illustration 62 
a) Multiple fracture of leg healed in an unfavor- 
able position. 
b) Condition after osteotomy and medullary nailing. 


Fracture is healed and 
medullary nail removed. 


Illustration 62 (cont'd) 

c) 3 , 
; 
| 
| 


Recently one more pats ent came under treatment here a 
q his case shall be described beesnse of the particular cond: 
; tions involved. ia 


Medical history: G.N., 37 years old eutteser a 
shell splinter injury and fracture of the left femur 
and of the right leg in 1944, The ccndition of the 
right leg requircu amputation, while the left femur 
: fracture healed in a considereble varus position so 
q that the patient complainsd of static discomfort in 
_ the knee and foot joints. It ti -vefore was necessary 
§ to straighten the left femur by osteotomy. For the 
operation (Prefesscr BERNHARD) spinal anesthesia was 
used and the old “pacture site was exposed by a . 
longitudinal incision on the lateral aspect of the 
femur. Above and below the old fracture site the 
bone was sawed through with a circular saw. The 
medullary cavity of the distal fragment had to be 
opened with the “awl. The operation was continued 
in the way described for the nsiling of the femur 
q through the wound. The position sf the bone was 
4 perfect. The wound was suturec after it was powdered — 
._ with marfanil powder. For the sale of security a femur 
i plaster cast was applied. Subdsequently every 3 hours ~ 
: | 25,000 units of penicillin, altogether 500,000 units 
were given. The wound healed per primam. After 6 weeks 
| the leg was carefully subjected to weight-bearing 
ae for the first time, and two days later the patient 
q could be dismissed for ambulatory treatment. The 
4 knee joint can now be straightened completely 
r and bent by 90°. The result of the position is 
a demonstrated by the illustration (Illustration 63) 


This case is particvulariy iunpressive as it was a pa- 
. tient with a leg amputotion whose cther leg was consolidatec 
after femur fracture in svch an unfavorable position that 
in the long run he was not Eins to subject it to weight- 
bearing. Especially in this case late damages of the joints 
had to be expected with pbsdinke certainty, as due to the © 
amputation of the other leg this extremity was exposed to 
increased stress. The risk of an infection to be taken into 
a. was: all the greater, particularly as it represented 


a b 
Lilustresion 3 

a) G.R., 37 years Olu, Guashot fracture of left 
femur heealet in an unfavorable position. Rignt 
leg amputeted 
b) Condition aft 
medullary nai 

callus. 


er osteotomy, readjustment, and 
ling. Beginning formation of 


an old gunshot fracture. Under this shadow the osteotomy 
assumed the character of an ultimate and heroic operation 
which had to be dared because otherwise the patient would 
have had to walk on crutches all his life. We therefore 

not only deemed it justified but »ather considered it as 

an absolute necessity to reduce tne risk of the operation 
right from the beginning by the prophylactic edministration 
of penicillin. This cese shows most impressively that the 


success of medullary nailing not only is a matter of tech- ; 
nique but als» cf tn consideration given to the particular 
ituation of tie vatient and te all eventualities of the fur- 
ther course. This ws alrcaiy stressed above and as a matter 
of fact these are matters known to every surgeon conscious . 
of his responsibil: ty. 7 


Disturbance of fracture healing or of bony consolidation 
after osteotomy occurred in two cases both of them involving 
the femur only. Infections subsequent to osteotomy were ob- 
served in 3 cases. 


MEDULLARY NAILING OF RETARDED. FRACTURE 
HEALING AND OF PobUDARTHE.OSES. 


The elimination of pscuds irthroses always played a spe- 
cial part in the field of fracture treatment and this is due 
to two reasons: Continuous attempts were made to obtain : 
information on the vrocess of fracture healing and on its 
disturbance through studying the mechanism of. the formation 
of pseudarthroses. The treatment of the pseudarthroses had 
to aim at giving as physiological an assistance as possible ~ 
to the natural process of the undisturbed fracture healing. 
In this context it is intended to refer only to the treatment 
of the pseudarthroses. Here an exact and sufficiently pro- 
longed immobilization after bone grafting proved to be the 
most essential factors. Problems are similar in the case of 
delayed consolidation of fractures whose difference from 
pseudarthroses is in many cases considered as a gradual 
variation only. However, we believe that there is a sub- 
stantial difference between these two forms of failure of 
bony consolidation in fractures, since in the case of 
delayed fracture healing mechanical factors may usually : 
be considered as causative, while the development of a ? 
pseudarthrosis is due to the faulty progress of a biologic 
process of development. This differentiation also is of . 
practical significance for the prognosis and the choice 
of the operation to be performed. The two conditions can be ~ 
recognized to a lesser degree by the period since the 
occurrence of the fracture and by means of the clinical ve 
examination, than on the basis of roentgenoscopic inspection. 


Both of them, delayed fracture consolidation as well 
as the fully developed pseudarthrosis, require operative 
treatment. In the case of delayed fracture healing one ta 
sometimes succeeds to obtain consolidation witn 2 less | A 
strenuous procedure. This consists of drilling according to Re: 
beck and e simultaneous resection of cone from the fibula, 
if there was e distending effect preventing the extensive ie 
unioa of the tibial fracture vlanes able to bear weight. | : 
In 911 other cases the fracture site must be exnosed by a 
operation, the cicstrized tissue removed, the ends of the 
fragments freshened, ond the fully developed pseudarthrosis 
resected. If necessary, bone sraftins should be performed |: 
the vone graft eit:.er being taken from snother region of the 
body or formed from the fractured bone itself in tne shape? 
of an interlocking nlastic. 


In any case 2n exact and prolonged immobilization of i 
the fractures treated in this way is one of the most essen- os 
tial requirements for success. This is where medullary nail- 
ing comes into its rignts. Every exvoerlenced surgeon knows y 
for instance, the difficulties ercountered when attempting’ 
to immobilize absolutely an onerated femur pseudarthrosis by 
plaster east snd in a favorable position. The weight of the 
leg, the long levers and the thick masses of soft tissue © 
constitute considerable obst>cles. i:oreover it is the de= | ee 
Sire of the surgeons to avoid tne introduction of larger i 
foreign bodies into the fracture end its environment perticu- 
larly “during the treatne 3 of a vseudrthrosis end subsequent 
to bone grefting. ERTL (60) attributes the sole responsibi<° 
lity for the feilures occurring sometimes to the wire 
loops by which the bone vrafts sre usuclly fixed. Even though 
experience revealed that tiis view certainly is exaggerated, 
one should take ndvsntage of every opportunity to avoid the a 
use of foreign bodies #ni to take the violosic conditions : 
into account. This will be discussed later. 


cleft, as one cannot expect that thicker masses of callus 


ne cas f delaye i's f soa 
. ary nailing co. titutes "! sausal therapy", 

as the cause for the slow Decsolias ie of frac- 
tures in the majority of cases is of a mechanical 
nature. The medullsry nail eliminates the ‘ntoriee | 
shearing forces and it promotes the effect of the | 
pressure forces enhancing bony consolidation." 
(KUENTSCHER and MAATZ) 


The importance of medullary nailing, however, not only 
is due to the fact that the fixation is established on the ~ 
bone itself and that it solves the problem of immobiliza- 
tion better than any other method. The relative harmlessn 
of the medullary nail as a foreign body was discussed | 
earlier. In addition, however, it has shown that in the 
case of delayed fracture consolidation one not infre-- ia 
quently succeeds in obtaining healing by medullar nailir 


achieved by percutaneous medullary nailing as it is appli od. 
to the fresh simple fractures. This, however, can only be 
accomplished when the fracture planes ere already ina ~ 
state of satisfactory adjustment, as the coarse cicatrized : 
tissue between and beside the fracture planes permits — 
closed reduction without operation in very rare cases onl 
If, however, the fragments are adjusted in a satisfactory 
position, medullary nailing lone may be sufficient to bri 
the delayed fracture healing to a close. This, no doubt, ~ 
means a progress ond an amplification of our method, as it. 
not only permits avdiding an operation in the fracture site 
itself, but also offers » strict immobilization ina perfect 
position. The latter may be maintained indefinitely. More- | 
over, there is the advantage that to fractures of the lower 
extremity walking casts may be applied early and exercises 
of the joints may be taken uo much earlier than with any 
other method (VOGL ( 6)). | 


Experience has shown that in suitable cases percutaneo 
medullary nailing is capable of terminating delayed fracture 
healing (Illustration 64). The conditions for success are 
the adjustment of the fragments so that medullary nailing — 
can be achieved without greater manipulations for reduction, 
moreover a configuration of the fracture planes permitting 
as broad as possible a contact, and a very narrow fracture 


or cicatrized tissue can be bridged over by medullary — 
nailing alone. On the leg, medullary nailing most suit- 

ably should be combined with a resection on the fibula in 

such cases in which-the latter bone acts "as a distension’ 
splint" (GULEKE (62)). 


If percutaneous medullary nailing is not practicable, | 
which frequently is revealed not earlier than during the 
Operation, and if it is caused by an immobility of the. 
fragments forbidding even small manipulations aiming at 
reduction, it is preferable to perform operative reduction, : 
On the leg a small incision over the fracture is sufficient 
in such cases, and through this incision the cicatrized — 
tissue found between the fragments may rapidly be removed ~ 
without requiring the freshening of the bone ends, as the 
fracture usually is wedged together by standing upon it. 
After the removal of the cicatrized tissue we never had | 
difficulties in performing medullary nailing. Our proceed- 
ing, which, s> to speak, lies between operative reduction 
of a fresh fracture and osteotomy spares the fracture in 
a most favorable way. This operation is hardly more ae 
strenuous than drilling according t> BECK. If in the one or a 


~~ 
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Illustration 64 

a) Femur fracture consolicated in an unfavorable 
position causing shortening by 5 cms. 

b) Delayed callus formation (pseudarthrosis). 
Condition 4 months subsequent to osteotomy 
and wire suture made in another hospital. 

a) Condition aftcr percutaneous medullary nailing 
without any other anditional intervention. 

d) Condition of fracture after healing and removal 
of medullary nail. 


the other case this meth>’ yields no results a bone graft 
may be applied later on to bridge the fracture over, while 
the medull-ry neil remains in place -s a retention appliance, 


b 


| The pseudarthroses may be (divided into two large groups 
the contact pseudarthroses vith or without the formation of 
a typical pseudo-articulntioiu, and the gaping pseudearthrose: 
which can be observed p»rticulrrly frequently as 9 consequ 

of gunshot fractures. Another classification according t2 the — 
degree of functional disorder wos recently suggested by 
GULEKE 63) who makes a difference between rigid, waddling, — 
and gaping pseudarthroses. These types 2f pseudarthrosis were 
discussed in many publications during and after World War I. 
and they were studied thoroughly so that their causes as well ~~ 
as. their treatment is generally clear. Among the leading =. © 
German surgeons it was particularly GULEKE (64) and LEXER (6! 
who discussed in several studies the origin, the prophylaxis 
and the treatment of the various types of pseudarthroses. 
Within this study it is not possible to give a detailed des- 
eription of all problems incurring in this connection. We 
refer to the monograph prepared by G. BRANDT (66), but it 
is necessary here to discuss the principal points whose 

knowledge.is required for the practice of medullary nailing. 


The following faults made during fracture treatment | 
proved the most essential factors provoking the development 
of pseudarthrosis: A frequent cause is the insufficient 
immobilization of the fractrre including the precipitate 
subjection to weight-bearing. In addition, exaggerated and 
prolonged extension treatment resulting in a distention of — 
the fragments may be responsible for the development of 
pseudarthroses. In the case of compound fractures, particu- 
larly of gunshot fractures, too extensive a removal of AM 
splinters should be avoided, as in this way elements re- 
quired for fracture healing are climinated. Finally the 
interposition of soft tissue or foreign bodies (sequestra, 
drain tubes) and prolonged severe sunouration have to be 
eonsidered as causative factors. In the case of gaping 
pseudarthroses the large size of the gap between the fragment 
prevents bony bridging ovcr. Finally it can be prevented by ~— 
the paleo effect of a neighboring bone (fibula, radius, — 
ulna ° ; : “ah 


Once pseudarthrosis has developed it can only be con-- 
solidated by operation. Recently resection of the pseudgar- 
throsis combined with an extensive freshening of the bpne 
fragments and the trensplantation of a bone greft was com- 
monly recognized as the only method. This means that the i 
pseudarthrosis is to be converted again to a fresh fracture, 
similar to the procedure practised for osteotomy of the 
fractura male sanata, and the biologic process of fracture 
healing is adecuate by released and supported by the Se 
grafted bone. It is easily possible that in many cases there 
would be no need for a bone graft, and BOEHLER regards it 
as a "considerable simplification" that the operation of 
pseudarthrosis is terminated as soon as the fragments are 
freshened and the meduilary nail introduces. Contrary to. 
this we would like to stress thnt we do not transplant the 
bone graft to effect e fixation of the fragments, but for 
the only purpose of stimulating the healing process in a 
biologic manner, that means to stimulate the formation of 
callus. This is the characteristic feature of the pseudar- 
throsis that no callus is formed and that the healing pro- ~— 
cess takes a faulty development towards pseudo-articulation. 

After the resection of the pseudarthrosis there is i 
the necessity to provide 2 secure immobilization of the ae 
freshened fragments. As we have seen during the discussion 
of the osteotomies, this can be achieved best by means of . | 
the medullary nail (RAISCH (67)). The medullary nailing 


oy 
a J 


fixation which is one of the princival postulates of fracture — 
treatment and thus it serves particularly to prevent the a 


siking alone is able to achieve the healing of a pseud 


_ throsts. GERHARDT (68) was under the impression that the 
medullary nail stimulated the formation of callus when 
introduced for the treatment of pseudarthroses. 


*) See for instance BUNDSCHUH during the discussion or “the, 


The Pealiewine ensc will show that - pseudart rs 
sis can be cured by resection and medullary nailing 
alone without the lee. gag aa of a paee aeon 


was admitted to the op Snebiss Hospitals of Gleaner” ‘ 
University on September 19, 1946. The pseudarthro- — 
sis was resected and medullary nailing was performed 
with a double nail. A fibula resection was accomplis 
ed on September 23, 1946. Bony consolidation ensue 
and the medullary neil was removed on October 15, 

(Illustration 65) Other such examples are demonst: 
in Illustrations 66 to 69. : 


The question remains to be ciscussed whether medul. 


throsis. In theory this is quite imaginable, as the medul 
lary nail pierces the tissue layers lying between the f a 
ments establishing the communication of both parts of t 
medullary cavity. In the literature one constantly finds — 
the contention that one of theprincipal requirements for. 
the operation of a pseudarthrosis is to open the medullary 
cavities. *) This is a question one can answer today. oy 
the evaluation of several observations. These leave no 
doubt that under favorable conditions it is possible to 
bring about the consolidstion of pseudarthroses solely — 
by the introduction of a mo“tullary neil without any stds 
tionel operation and without an exposure of the pseudar- 


lecture of NUSSELT¢ Chir. nadts 429. 
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Illustration 65 
W.P., 60 years old. Pseudarthrosis of tibia. 


Condition after resection of pseudarthrosis, 
medullary nailing, and fibular resection. 
Pseudarthrosis is healed and medullary nail 
removed. 


Illustration 66 
Pseudarthrosis of femur. 
Condition after resection of pseudarthrosis 
and medullary nailing. 
Pseudarthrosis is healed and medullary nail { 
removed. | 
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Illustration 67 
Pseudartnrosis of femur. 
Resection of pseudarthrosis. 
Medullary nailing and drainage 
of wound. 

Beginning formation of callus. 


a 


a) 
b) 
c) 


Illustration 68 


previous bone srei 
Condition after removal of cicatrized tissue 
from fracture cleft and after medullary nailing. 
Pseudarthrosis is healed. The x-ray shows the 
condition during an examination after three years 
subsequent to operation. 


a) 
b) 
c) 
d) 


Illustration 6 ? 
Pseudarthros.s of left femur. Extension band- 
age and plaster cast anvplied in another hospital. 
Conditicn after bone grafting and the application. 
of wire Loops. 
Fracture of bone ‘graft and bending of the fractured — 
femur. . 
Bone graft is re ssorbed and a contact pseudar throes 
has developed. | 


e) 
f) 


’ 


Illustration 69 (cont'd) 

Condition after resorption of bone graft and removal. 

of Wire Loops. a 
Osteotomy ard trunsverse freshening of the 
pseudarthrosis. Fixation by medullary nail. 
Beginning of callus formation an the nail tip. \ 
The fracture cleft is bridged over by bone. 
Increased formation of callus at the nail tip. 
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The consolidation of pseudarthroses after percutaneous 
medullary nailing alone is demonstrated here by several a 
roentgenograms (Illustratio 7-72). 


ny 


gees ation .70 
a) Pseudarthrosis of leg which despite fibular 
resection is not consolidated. 
b) Condition after percutaneous medullary 
nailing. 


a b 
dilustration 71 
a) Pseudarthrosis of humerus after gunshot fracture. 
b) Condition after percutaneous medullary nailing. 
Because of unfavorable conditions relating to 


the soft tissue no osteotomy was performed. 
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Tilustraticn ?1(cont'd) 
ej Advanced formation of 
callus 4 months after 
percutancous medullary 
nailing and without any 
eduitional intervention. 


a b 
Illustration 72 , 

a) Pseudarthrosis ot leg.Condition after per¢cu- 
taneous medvilnry aailing with double nail. 
this was sreceicc by Tibuler resection as the 
only measure nvicr to nailing. 

‘b) Advanced formation of callus. 


ence and our points of vicw as Pollowss Un p 

i donddst ons it may oa possible to achieve healing of 
contact pseudarthrosis by medullary nailing alone. T 
method however, does not represent the method of ‘hoice, 
but we use it with preference, if the exposure of the — 
pseudarthrosis to an increased degree is linked to the 
hazard of infection, caused either by foreign bodies still 
poeta within the area of the pseudarthrosis or by pr 

onged suppuration in the case of a compsund fracture. T 
however, also means that the treatment of pseudarthroses 
resulting from suppuration may be commenced much earlier 
than when the pseudarthrosis would have to be exposed. 
Reference to this fact was previously mace by NUSSELT (6S 
A further indication for percutancous mec vilary nailing 
may be the condition of the soft tissue, perticularty 
the skin; if the operative elimination o/ the pseudarthre 
involves the danger of derm:”. necrosis it is suitable to 
perform percutaneous medullary nailing as « first attempt. 
This can not be done unless reduction is practicable w: 
out which no Heke io necullary nailing can be perfor 
It remains to be stressed that the percutaneous medullary 
nailing of a eacksertre ais in any case can be only regar 
as an attempt to cure the conJition by a measure which is 
as sparing as possible. If this yields no results medull 
nailing constitutes just the first act of planned trea 
In such a case the transnlantation of a bone graft follo 
as the second act which then inflicts considerably lesser 
damage on the tissue around the pseudarthrosis, because 
the medullary nail stabilized the bone thus saving the 
preceding bone grafting. The fixation by the medullary n 
has a particularly favorable result when pseudarthroses 
located close to the joints are operated, as the fragments | 
which frequently are very short give no hold to the bone ~ 
graft and thus prevent the simultaneous fixation of the — 
bone fragments as a whole. It will then not be necessary © 
in every case to resect the pseudarthrosis according to 
a scheduled operation. A small freshening. is sufficient, 
no precisely fitting bedding need be prepared for the 
graft, and the operation really rcpresents not more than 
the introduction of a bone graft to bridge over the pseud 
throsis and t2 act as a biologic stimulant of the factors 
enhancing the formation of callus. 


In a study which has appeared recently HELLNER ( 
classified the pscudarthroses in genuine or "ordinary" 
and in gaping pseudart..(roses. As its title "Medullar 
Nailing and Free Bone Graft" indicates and as the te 
reveals two methods are compared with each other in 
this study, a proceeding which in our opinion is not 
permissible. This may also explein why HELLNER had to 
admit a number of failure among his operations of e 
pseudarthroses, a fact which aroused his pronounced | 
dislike for medullary nailing in connection with the — 
treatment of pseudarthroses. In the first pages of his 
study HELLNER overlooks the fact that medullary nail 
is only a method for retention just as is the plaster 
cast, while, however, the bone graft is not a method ~ 
for fixation with homologous material - this is also 
revealed by the cases reported by HELLNER where } 
extensive use of wire loops is made to fix the bone 
graft - but a bidlogic method for stimulating the 
callus formation. For logic reasons it therefore, is 
not permissible to compare the results of medullary — 
nailing and of bone grafting with each other. None of 
those who became familiar with these problems will be 
surprised that some of HELLNER's pseuderthroses Be 
healed with bony consolidation solely after resection 


Mee es posdinie t cuAeT pa quiee the nase by bone 
grafting, then this wes not achieved because 


are at least equal in value t> the combination of. 


‘provides ns basis for discussion. 


removed by chiseling, if necessary, to establish 


short graft effecte? a really stable fixetion . 
the freshened fragments, but principally because ~ 
of the biologic stimulation of the callus by oa 
graft, possibly even inctirectly by the removal of 
the bone substance. One really should not believe 
that a bone graft attached to the bone by means — 
of a few wire loops is better able to achieve — 
immobilization than the long medullary nail driv 
into the marrow cavity. HELLNER certainly is righ 
in stating that due to atrophy of the bone the 
medullary nail soon will lose its capacity of 
providing an absolutely fitting stable fixations 
But it is only in very rare cases that we rely 
exclusively on the fixstion provided by the 
medullary nail alone, since we add a plaster cast 
after the osveration df pscudarthroses es was done 
by HELLNER too. After bone grefting, the bone and 
the bone graft suffer an -lteration caused by the — 
process of metamorphosis, ond thus it happens that 
an absolutely stable fization can be guaranteed | 
in no case.**) Therci ore the conclusion is juste 
that with regard to the problem of immobilization — 
the medullary nail and an adcitional plaster cast 
are at least equal in value to the combination © 
of bone grafting and plaster cast immobilization | 
the medullary nail and an additional plaster came 


bone grafting and plaster cast immobilization, i 
ever one is ready to accept HELLNER's thesis of | 
the stabilizing rSle of the bone graft which seems 
to be shared (see nbove, BOBHLER) by other authors. 
too. We repeat once more that such - compartoms 


These considerstions were cnlerged end 
essentially supported by the experience of 
decades collected by PHEMISTER (72) with the 
methoc vractisec by him for the treatment of 
the pseudarthroses. PHEMISTER employed one or 
even two bone grafts usually taken from the . 
area acjoining the pseudarthrosis and he attached — 
them alongside the pseudarthrosis without preperin : 
a bedding for the graft. Only bony processi were | 


as large a contact of the bone graft ns vossible § 

with the two fragments touched by it. These bone 
grafts were neither grooved nor bolted, nor were 
they kept in place by wires or ther meterial. If — 
the shape of the bone graft permitted a more | 


*) Some of the experiences made in the Giessen 
University Hospitals the treatment of 
pseudarthroses by medullary nailing were 

described by NUSSELT (71). 


**)This was clearly shown by Illustration 8 in 
eppaneniaies study. 


| 8 ihe ‘soft tissue was sutured 
a bier pee was applied. The pseudarthrosis was 
not resected or freshened end it was left as it was 
The pseudarthroses treated in this way resulted in 
a bony healing, as was shown by PHEMISTER in a grea 
number of roentgenograms. For such a procedure, of 
course, only those pseudarthroses sre suitable the 
position of which requires no correction. It is | 
interesting to know that PHEMISTER underlined the ~ 

etaplastic metamorphosis of the cicatrized tissue 
of Le contact pseudarthr ses which is converted 
to bone tissue and here we find the oxperience — 
pointed out by HELLNEK too, that, bor2 may be formed 
by connective tissue cells. In a casc showing © 
vertebral fracture and simultancous paralysis af: 
the legs demonstrated by PHENISTER not even a> 
plater cast was applied as the legs remained 
immobile due t>2 the paralysis. The successfull 
proceeding Of PHEMISTER shows clearly that a bone 
graft is no retention < aae es but a means for 
the stimulation of the metanlastic osseous 
metamorphosis of the zone of the pseu TBR ee 
(see Illlstration 53 g). It is: eEAibis th - 
PHEMISTER was not con$ciszus of this pred silnentdy | 
biologic role of the bine graft, but his inBbtinet 
Por the healing process of the bone showed him } 
the right way. The immobilization after bone graft 
certainly is indispensable, but as PHEMISTER's cases” 
show, it ree be accomplished by a plaster cast = 
quite as well as by the medullary. nail, as we were 
able to Me rec. As t2 its origin the metavlasia 
pointed sut by PHEMISTER is closely related to 
the crystallization process of HENSCHEN quoted by 
HELLNER .» 

It shall be stressed once more that after 

all one knows today about pseudarthroses and 
medullary nailing, there crn be no doubt that 
medullary nailing alone is no method for the 
treatment of pseudarthroses, but only 2# mechanical 
auxiliary, which should be used without hesitation 
with or without a bone graft. One of the great 
advantages of medulle:y nailing consists in the 
fact that it enables us to stop using the wire 
loops rejected by s> many surgeons for the 
fixation of the bone grafts. Therefore, if the bone 
graft is fixed by e gr 2ove this is not made $3 id 
the fragments together in a joiner'ts way (HELLNER) 
but quite on the contrary to prevent the bone graft 
from shifting without the use of foreign bodies. 


*) We do not fully understand why HELLNER subjected — 
the bone grafts in the "aseptic workshop" to such 
a radical"joiner's fashioning", s> that even the 
periosteum was rasped off with a file which was 
particularly uncerlined by HELLNER. Even if one 

is ready to acceot the concept originating from 
VON ERTL that not the periosteum but its cambium ~~ 
layer sticking ts the outermost corticalis accom= ~~ 
phishes the regeneration of the bone, it is not 
necessary to remove the periosteum and to rasp 
the transplanted bone graft "on all sides". 


Picuilery neil ec ine its 


ying pseudarthroses. Hore it is 


“preatest taper 
* the retention of the fragments after the »peration or. 


necessary. v> bridge over 


axe gap by bone grafts and for the purpose of avoiding 
shortening which would pipets particularly the function of | 
the lower extremity, t) in vilize the fracture ends ata 


great distance from each Shae and 
position. If one does not want to 


in an appropriate axial 
bridge over the gap with 


a bone graft, but instead wants to. introduce small bone 3 
pieces or spongiosa particles according to MATTI, no other | 
fixation than that by medullary nailing is suitable eo 


(CELLARIUS (73)). ZENKER (74) wes 


in employing the method ».f spongiosa transplantation. The ~ 


stabilization is a task which not 


by the bone graft alone (Illustration 73), particularly on 


the femur, where fractures of the 
quently annihilated the favorable 
restoring operation. Even the use 


several times successful © 


: 


always can be acconpl tanea 


bone graft all too fre- 
original result of the ~—& 
of two strong bone grafts 


(BATEMAN (75)) cannot always prevent such an incident. For 
this technical necessity we dispose of no better auxilia: ie 


than the medullary nail, and it may be said that the stabil’ 
zation of the gaping pscudarthroses similar t> that of the 


osteotomies constitutes the very domaine of medullary nai’ oe 


a) 


b) 


c) 


Illustration 73 
Geping. pseucarthrosis after 


multiple gunshot fracture 
of humerus. ze 
Condition after exposure™ 
pscudarthrosis and fixati 
of fragments by two wire 
loops without any bone gra 
Miedullery nailing from the 
distal end. 
Paculeet brsats has healed, 
medullary nail and wires 
are removed. 


“tion having t> be paid 


t> all Tyee adcher lee fr 1 
t bone marrow. T) reduce the number of wire Loops 


of the bedding as well as those. of the bone graft in 
way that they could ce in as in & groove. This metk 
described by BRUN (76) as early as 1917 (Illustration 
Then usually a wire loop sttached to each side is suffi 
ho goad pepein TS, ou sometimes we attained our te 


Remnant  -f pseudarthrosis 


Illustration 74 


Schematic design of how a bone 
graft is fitted into the groove 
for the purpose of bridging over. 
a nga sos ee (after BRUN: 
Zbl. Chir. 1917, 969). 


and firmly fitted into the groove (Illustration 76). this 
certainly is desirable and it is only feasible with the 
aid of the medullary nail which insures the fixation of 
extremity. Valuable as medullary nailing is for the spera 
of gaping pseudarthroses it nevertheless must be admitted 
in some cases the presence of the medullary nail has iy 
turbing effect in so far as it takes un part of the spac 
mecessary for the bone graft. Unfortunately we made the ex- 
perience that primarily thick ani strong tibie grafts ph 

be reduced in size considerably if it was intended to ins 
them in the bedding vrepared for the bone graft, es the n 
lary neil took to> much room. It is worth considering whe 
in such cases it would not have been better to abstain ? 
the preparation of a bedding and t> attach the transplant 
simply alongside the Peat ned fragments t> avoid redueir 
valuable components. a 


a) 


b) 


e 
Dalustration 75 

Gaping pseudarthrosis of radius treated with 
bone graft anc medullary nailing. 

Infection within the operation erea resulted 
in a sequestration of the bone eraft, part 
of which is detached. 

Favorable final result despite infection. 
The gaping pseudarthrosis is bridged over by 

bone. The medullary nail is removed. 


Illustration 76 


Pseudarthrosis of femur caused by distending 
effect of a Lane's plate attached to the bone 
in another hospital. 

Condition after removal of Lane's plate, 
reduction, bone grafting, and medullary 
nailing. On the lateral aspect the grooving 
of the bone graft without any additional 
fixation is clearly visible. 


liustration 76 (cont'd 
Con@ition after healing 
of pseudarthrosis and 
removal of medullary 
nail. 


Recently LiziIus (77), most likely on the basis 
of K.H. BAUER's (78) studies recommended a procedure 
by which the gap on the forearm bones can be bridged 
over. by-a bone graft contalning a medullary cavity. 

For this purpose part of a rib or fibula must be used. 
The stability of the bone is guaranteed by Kirschner 
wires inserted in the medullary cavities of the frag- 
ments and of the transplanted bone. The principle of 
medullary nailing is therefore maintained. The trans- 
planted bone is threaded upon the wire as in the treat- 
ment of compound fractures. Actually, the use of whole 
bone segments for transplantation is nothing new. * 
GULEKE (79) as carly as 1916 pointed to the bolting 
of bones with parts of the fibula covered with | 
periosteum according to LEXER. Merely the fixation 
of the trensplanted bone segment by foreign bodies 
inserted into the medullary cavity shows a similarity 

t> the Kuentscher Nailing. 

For the trentmont of large tibia defects LEZIUS (80) 
recommended transplanting » circular tibia segment from 
the healthy leg to the leg with the pseudarthrosis. In 
the course of this »perntion the pseudarthrotic tibia 
must be lengthened by one half of the length of the gap 
after accurate measuring, while the healthy tibia must 
be shortenec by the stme amount. Of course it is neces- 
sary to shorten the fibula of the healthy leg toa 
corresponding extent. Both tibiae are provided with 
medullary nails so that excellent results with regard 
t> position are yielded. By this procedure, however, 
the whole incividcual becomes shorter so that even with 
a shortening by few centimeters extremely inconviniént 
disproportions in the length of the extremities are 
created. Such dperations sre permissible slmost ex- 
clusively after cunshot fractures with their large bone 
gaps, anc particularly these injuries are menaced to a 
high degree by infection. A failure of the tibia graft 
t> heal ints the bone caused by suppuration is particu- 
larly grave, since then the valuable material was spoil- 
ed by the useless shortening of the healthy leg. It is 
most questionable whether »ne is allowed to perform 
such en intervention in view of the vossibility of 
a failure. At any rate those cases which were examined 
by us in accordance with LEZIUS defied this method of 
treatment of gaping pseudarthroses. Recently I learned 
that LEZIUS himself has become decidedly more cautious 


} 
2 
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recommending his method only for femur fractures. — 
The method is only practicable if the wound is not : 
contaminated and if sufficient penicillin and supronal ~ 
are available. ee 


Our proceeding in relation to medullary nailing and 


bone grafting shall be shown by roentgenogrems (Illustration © 


97 > 80). 


The results obtained with medullrry nailing of pseu- 
carthroses are given in the table (Illustration 81). More- 
over, TUERK (81) compiled a survey on the results of the 
treatment of 38 vseuderthroses admitted to the Giessen 
University Hospitals. It reverls that in the case of 
contact pseudarthroses of the tibie the average amount 
of time required for full consolidation after resection 
and medullary nailing with and without bone graft was 
& months. A bony bridcing of the pscudarthrosis was to be 
observed on sn average softer 4 months. Moreover, it 18 3f 
interest to observe the difference between the treatment 
of pseudarthroses in percotime before and after invention 


of the neiling method. This is ‘emonstrated by the comparison 


of the number of days spent in hospital, Before medullary 
neiling 3,824 days were spent in hospital, in contrast to 
1,722 days spent after the introduction of this method 9f 
treatment. In 12 ecrascs contained in this survey the re- 
duction of capacity was 0%. lost of those cases which were 
still measurably restricted in their working cepacity after 
the successful treatment 2f their nseudarthrosis showed 

an immobilization of the joints es a reason for their in- 


validity, but the stiffening hed already been present before od 


the pseudarthrosis 2nerstion thus constituting an irrepar- 
able sequela. 


a b Cc 
Illustration 77 
a) Gaping nscuesrthrosis after gunshot fracture 
of humerus. 
| b) Resection of pscudarthrosis, bone graft and 
| medullary nailing. 
¢) Condition after healing >of pseudarthrosis and 
removal of medullary nail. 


Cc 


Tliustration 78 : | cae 
a) Gaping pscudarthrosis of humerus near the ae 
shoulder joint. tae 
b) Condition 2fter resection 2f pseudarthrosis, 
bone graft, and medullcry nailing from the 
distal end. 
ce) Pseudarthrosis has healed and medullary nail 
renoved. 


a) 
b) 


c) 


c 


Illustration 79 


Gaping pseudarthrosis after gunshot fracture 
of left forearn. 

Condition after resection of pseudarthrosis, 
bone graft, and medullary nailing of both 
forearm bones. 

Pseudarthrosis of ulna hes healed, medullary 
nail and upper wires are removed. The medul- 
lary neil of the radius is still in place, 
as the bone graft hes not yet healed in 
definitely. ; 


ce). 


a) 


‘s 
Illustration 80 
Pseudarthrosis 2f forearn. 
Condition after resection of radial pvseudar- 
throsis, bone graft, and nedullary neiling 
of radius alone. | 

After the radial bone graft hes healed in, 
the pseudcarthrosis of the ulna also was con- 
srlidated. Stimulation of callus formation 
by the adjacent bone graft (cf. PHEMISTER) 
Condition after removal of wires and of 
medullary nail, 14 years after operation. 
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The chapter dealing wit’: the trestment of delayed 
fracture healing and with pscudorthrosis would be incomplete 
“without a closer study of the distending effect which plays 
an imnortant réle in the Jceveldoment of both conditions. 
GULEKE made reference t> it es carly 1s 1916. The knowledge 
of that disturbance Juc to mechanical conditions has in- 
creased during the last yerrs and now it ranges among the 
recognized factors t> be taken into account for every fracture 
treatment. In the forearm it frequently is the neighboring 
sound bone which brings about the distending effect and which © 
prevents the cons lidation of the fractured bone. 


A glance at the normal anatomic conditions shows 
that the longitudinal dislocation of the forearm bones 
is prevented by the membrana interossea in a particular 
manner. This membrana relaxes but with extreme pronation 
and even then to 9 very slight degree only. In 4ll other 
positions however, it has to be considered .s so tensed, 
that, for instance, during » fall upon the forearm oF the 
hand "it rather is the bone which breaks than the membrana 
which ruptures. "The ligenents, therefore, may be con- 
sidered as Br ractically indestructable (VON LANZ and 
WACHSMUTH (82)), 


On the forearm the danger of a "distending effect" exe 
erted by the sound bone usually arises when the pseudarthrosis 
of the adjoining bone was resectec so extensively that the 
bridging over of the gap is menaced. In such a case besides 
the bone graft one disposes of the nossibility to shorten 
the healthy bone correspondingly. 


It securs not infrequently thst on the originally sound 
bone a fracture, in the sense of a fatigue fracture or even 
pseudarthrosis, devclops. Even after bone grafting the distend- 
ing effect of an adjoining bone must be taken into account. 
This effect may become menifest by the development of a slowly 
progressing fracture, in the sense of » fatigue fracture, in 
the firmly healed in bone graft. Then immediate action must 
be taken by resecting the sdjacent bone or by fei it 
through with a chisel in oblique direction (GULEKE (83)) so 
that its ends may slide p-sst each other. According to our 
exverience it is not sufficient to chisel the tibia in an 
oblique direction as it frequently happens that the osteotomy 
of the fibula is consolidated esrlier than the tibia fracture, 
where the process of healing is delayed and it then occurs 
that the distending effeet returns again. For this reason 
since 1940 we have usuelly resected (STOTZ (84)) about 3 cm. 
of the fibula subneriostenlly, an operation which constitutes 
no particular operative strain for the patient as its perfor-~ 


mance is easy and rapid. For this purpose we employ Sauerbruch's — 


special scissors for the first rib. 


Here it shall not be concealed that in the case of 
some of the fibular resections it was revealed that the 
fibula although scemingly showing a distending effect 
on the roentgenogram was not at all consolidated at the 
site of its fracture, snd that it would have given way 
to the vressure of the body weighing upon the leg. That 
does not mean that the untire problem of the distending 
bone was a faulty concept, particularly as also in these 
cases Of previously delayed consolidation of the tibia 
the fracture was wedged together ov walking on it after 
the resection of tue fibula. But it shows how careful 
one must be in evaluating such things anc also in inter- 
preting the X-ray’ pictures. For these special cases, 
however, we may in-gine that the fibular resection 
provoked a new bi2zlogic stimulation leading to the healing 
of the fracture, and thus proved a profit for the tibia. 
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The distending effect of Lane's plate was mentioned 
above. It usually is crused by the fact that the ends of 
the fragments atrophy before the formation of callus sets 
ine This has the result thet the fracture cleft is some- 
what enlarged and the mechinieol immobilization by the plate 
screwed in prevents the frogments from following the muscle 
traction or the pressure exerted by weight-bearing and from 
cia ili aia in such a way they touch each other (illustra- 
tion 32). 


KUENTSCHER and MASTZ underline’ carlier that under cer- 
tain conditions the medullary nail may also exert a distend- 
ing effect which results in a delayed formation of callus or 
to pseudarthrosis. BOEHLER too mace reference to this fact. 
It even wes found with single-boned limb segments (humerus, 
femur), whenever the medullary nail for some reason had not 
effected a really stable osteosynthesis. Then the fragments 
make slight movements end the fracture does not come to a 
rest. While small Jefects »-re bridged over by callus, if the 
nail is firmly seated, the fracture healing is disturbed 
when immobilization is insufficient. This disturbance, there- 
fore, cannot be charged to medullery nailing as a method, as 
it always is due to the non-»bservation of the establish- 
ment of mechanical concition which sre indispensable for 
medullary nailing. 


Illustretion 82 
a) Supracondyler femur fracture. 
b) Condition after application of Lanets plate. 
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liustration 82 
e axia 
formation of callus, 6 months after anplica-_ 
tion of Lane's plate. 

Lane's plate is remove , the position of the 
fragments recuced, imnobilization by 
medullary heilin:. After a veriod of 1 year 


(cont'd) 


the mecuallry nnil has penetrated the compacta 


with its tip. The satisfactory result of the 
fracture wes not imprired by this incident, 


bendine end insufficient 
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INFLUENCE OF MEDULLARY NAILING UPON THE 


PERN ete Od Rn aNCeLeNINE 


FORMATION OF CALLUS. 


The formation of callus *fter tracture may originate 
from the most varying zgoncs or tissue elements. These are 
the bone marrow or the endostcum, the bone tissue itseli4 
the periosteum, and finally the soft tissue immediately ad= 
jacent to the fracture. Within the lirits of this study we 
are not able to discuss the whole problem of fracture heal- 
ing, as 2pinions about the origin sf callus still differ 
widely. There is n> doubt that ench of the tissue elements 
mentioned above is capable of forming callus probably with 
the exception of the bone tissuc itself. Most likely all of 
them contribute to fracture healing. At sny rate it is nou he 
possible ts study the individual effect of the various tissues a9 
seperately anc we should like to assume that in the one case 
the endosteal, in the other case the periosteal callus prere aaa 
dominates constantly or temporarily, or that in single cages saags 
the major part of the callus is formed by way of metaplasia 
of soft tissue parts directly adjoining to the fracture, 
The extent to which the inv ::tigative work in the field oF ie 
callus formation is still jn flow is revealed by the last coe 
studies of OBERDALHOF (85). They gave a survey on the whole 
problem of the nhysirlogy 2f fracture healing. VON ERTL. (86) 
also gave a historical survey of the problem. 


OBERDSLHOF has introduces a new component into the 
process of callus formation by attributing t> a new 
osteoplastic factor K the task of forming the new bone © 
from an extracellular »sscous base substance. The effect 
of the K-factor is assumed as being humoral, hormonal, 
or enzymic, and its essential rSle is to effect the 
binding of the calcium salts to the mesenchymal basic 
substance or to the mesenchymal germinative tissue. 
During this process metanlastic processes in the soft 
tissues surrounding the fracture and on the cells of 
newly formed vascular germs allegedly play the princi- 
pal part. This therry is only mentioned here, because 
it is the result 2f the latest studies about the topic 
of bone regeneration and of fracture healing. We do not 
agree with OBERDALHOF in 211 points. 


Today the more practical question is acute whether the 
medullary nail enhances or inhibits callus formation and on 
which components of this comolex the medullary nail exerts 
its effect. 


One may assume, and that has become the general opinion, 
that as a result of medullary nailing fracture healing pro- 
gresses more slowly than wich the methods of fracture treat- 
ment employed so far. in practice this delay is 2f no par- 
ticular importance, as the natients regain their capacity toa 
work at an early time, while the nail is still in place. 

To this one must add the excellentadjustment of the fragments 
usually effected by the medullary nail, so that the average 
anatomical results are more satisfactory than those »btained 
with the conservative method. The satisfactory anatsmic 
adjustment of the fragments has also the result, that the 
function is better in the long run and the advantages of 
medullary nailing with regerd to the elimination of the 
stiffening of joints are revealed by the restoration of the 
capacity of the patient to work at an carlier time than 
after treatment with toc methods employed so far. Therefore, 
in the course of time those individuals who have to pay for 
the treatment, such as for instance the professional ine 
surance companies will also arrive at the conviction that 

a prolongec duration of treatment can be taken into the 
bargain if there is a favorable outlook as to permanent. 
healing. This refers to the pencions to be naid to the 
patient later, ani in the final analysis more money will 


nedul ry nail ing, n- 
me than the conservative CEAgenene. 


The problem of callus sormation was treated in a num 
oT aera cee? but no agreement conid be reacned. KUENT 
SCHER (87) himself at first oste blishe? the thesis that th 
medullary nail intercepts or absorbs ail thrusting, she 
ing, and bending forces noxious for the formation of ca 
and that the fracture is subjected to = pure pressure Ge 
sion which allegedly is the most cesirabiie mechanical ar 
biologic condition for the formation of cellus. He also 
discussed the chemical stimulation of the ossification b 
the metalions. A phenomenon abserved vv all surgeons is 
the sometimes cxtremely extensive callus formation which: 
frequently assumes the shape of 4 so-ce7 les ball callus © 
(Illustration 83). In the early steges of medullary nail 
it was interpreted as due to the outflow of bone marrow 
at the fracture site Pgh to the introduction ona 
nail, until BOEHLER (88) was able to give the more satisfe 
tory explanation thet here we have to deal with a stimul 
callus which always is formec when the fracture is not © 
completely immobilized 9 that minute 
waddling movements occurred. These very 
small movements of the nail sare also 
reyealed by the roentgenograms, as in 
such cases an unmistakable zone of 
transparency is formed around the 
nail tip (Illustration 84). Desnite 
this explanation HAEBLER (89) 
still maintains the thesis of a 
myologenic formation of callus. 

Nobody will ever deny that the bone 
marrow is capable of forming bone, as 
on roentgenograms one frequently ab- 
serves the development of a narrow 
osseous Zone around the medullary 
nail within the mecullary cavity, 
which even after the removal of the 
medullary nail is »reserved for e 
longer period and which was designat- 
ed as the nail groove (Tlustration 85). 
Recently ROTTER (90) studied the 
histology of the endosteal formation 
of bone. 


A phenomenon frequently to be 
observed is the so-called callus 
cap (Illustration 86), which is 
found around the nail head project- 
ing from the bone. We snly »bserved 
it on the femur. The thesis of HAEBLER and of other author 
according to which the callus cap represents an »2ssification 
formed by escaping bone marrow does not senm clearly proven 
to us, and it certainly is not permissible to make use of % 
Callus cap as an argument for the explanation of the ball 7 
callus 7s a medullary callus. Bone mey be formed in ¢ absence 
of bone marrow as one knows from the metaplastic formation 
of bone in operation scars or on the pulmonary apex oF in 
~selerotic arteries, ani it is well knovn that metaplastic 
bone marrow is sometimes found on such metaplastic bone 
trabeculae. 


Let us mention briefly the further oksexzvetion of callu 
formed by the effect of the medullary nail far frum the 
fracture site. Those are csses of perirzsteal thickening 


2 ee, 
Tllustration 84 
Zone of transparency 
arounc the nail tip 
as a result of minutious 
waddling movements. 


Illustration 85 


Endosteal callus adjacent Callus cap. 


tg the medullary nail, 
so-called nail rroove. 


abote tet Bret of the cortisol 
eslis under which the nail tips 
is located. We are under the 
impression thot this callus 
zone is formed when the nail 
tip is about to penetrate 
through the corticalis, and 
that it mey be considered as — 
2 strengthening of the menaced 
spot accomplished by nature for 
the preservation of the bone. | 
This ohenorenon is usually ob=) 
served over nails which are too © 
short and the tip of which Daas 
not firmly scated in the lapee | 
medullary cevity or pressed 
against a circumscribed spot =) 
of the osseous well by an unfa= 
vorable lever effeet of the) as 
fragments (Illustration 67) .73 
But it also nappens that this 
periostee 11 reaction failge ts ne 
appear and that the tip of thea 
| nail one hare the corticalis — 
(Illustration 82). Attention 
was called to this fact when ety 
the migration of the medullary 
nail was discussed. 


Illustration 86 
the 


a) 
b) 


c) 
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Illustration 87 
Fracture of femur consolidated in 
an unfavorable position. 
Condition after osteotomy, readjustment 
and medullary nailing. The medullary nail 
is too short. Note the periosteal formation 
of bone over the nail tip. 
Fracture is healed and medullary nail removed. 
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KUENTSCHER points out that the influence of the nedul- 
lary nail upon the bone end upon the bone marrow can by no 3 
means be compared with the damares observed after the bolting 
of shaft fractures by means of ivory bolts and other material, 
such as for instance bone parts. The bolts fill the medullary 
cavity, they squach the endosteum, and the zrowth of vessels 
from within towards the compacta and towards the callus is 
suppressed by the vresence of these foreign bodies. Due to its 
V-shape the medullary nail comes int» close contact with the 
bone at three points only, and in its groove the vnhysiological 
metabolism of the bone marrow can continue. This was also re- 
vealed by the animal experiments of KUENTSCHER. 


As to the problen of callus formation one may conclude 
that exnerience showed neither an enhancing nor a directly 
inhibiting effect of the medullary nail (SCHNEIDER (91 )). 


REACTION OF BONE MARIO TO MEDULLARY 
WATLING. 

In addition to the temrorary mechanical damage caused 
by the medullary nail the bone narrow suffers several alter-= 
ations which have to be discussed here once more, as they 
are of practical significsnce. In the summarizing literature 
they were described by BOEHLER, Hi 0BLER, KUENTSCHER and MAATZ. 
The investirations of the marrow itself show results conforn- 
ing with the alterations obscrvable in the peripheral blood 
by means of the blood count. In the case of children one 
regularly finds an eosinophilia (KUENTSCHER ( 92)) and the 
same was observed with our juvenile patients. In adults 
eosinophilia was discussed at first in 9 single case 


(RAISCH (93)) and systematic investigations in this direction 
were accomolished by SLANY (94). The eosinophilia of children 


and of adults was confirmed by SLANY's studies. In addition 

he found a considerably increased release of reticulocytes 
which did not disanpear before the removal of the nail. With 
juvenile persons juvenile leucocytes are released to the 

blood strean (myelocytes and juvenile-forms). With a good 
number of patients ancmia ensucs efter medullary nailing 

which is associated with a dron of the number of erythrocytes 
and of the henorlobin values. This ovhenomenon disappears after 
the removal of the medullary nail. 


No satisfactory exnvlanation was found in literature 
for the alterations of the blood count. One could ,how- 
ever,imagine thet the destruction of the bone marrow 
in the nailed bone provokes a condition of medullary 
aplasia. But it is certain that the edssinophilia of the 
peripheral blood does not oricinate from this single 
bone alone or from its one marrow. Most probably the 
bone marrow reacts t> the mechanical noxa comnosed of 
the presence of the forcign body and the effect of the 
metal as a whole system as it is known from the blood 
diseases and we shonld like to interpret its reaction 
in the form of eosinophilia end a simultaneous reaction 
of the spleen as a hyperergic reaction. 


At eny rate the findings in the blood count show that 
in every case of medullsery nailinz an accurate and constant 
check of the blood count must be made. If the above des- 
cribed alterations assume threatening proportions, an incident 
sometimes occurrins with chilcren, the medullary nail must 
be removed without regard to the fracture which in this case 
may be immobilized by a nlaster cast. 
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.,. &8 regards the regeneration of the bone marrow 
after scraping out in case of pernicious anemia, see 
the study of WALTERHOLFIR and SCHRAMM ( 99), 


The early resumption of excrcises when the bone was — 
immobilized by medullary nailine, its unrestricted vasculari- 
zation, the short period during which immobilizing bandages 
must be worn, are factors counteracting bone atrophy, which 
is well known -s resultins from the treatment arth plaster 
casts. We particularly observed no case of an incontestable 
Sudeck atrophy efter an uncomplicatec treatment with the 
medullary nail. Here we azree with FISCHER and MAATZ (96) — 
who stated that "only those patients showed a Sudeck atrophy / 
whose injury was comolicated by additional fractures of the | 
same limb, by infection, or by orolonged additional fixation. 

In n> case was it observed after uncomplicated, Kuentscher 
nailing. There were only a few cases in which the roentzeno- 
gram showed traces of 2 slight spotted transparency, but. 

this did not permit the cdiarnosis of Sudeck atrophy. In no 

case did medullnry nailing cause serious dystrophy or ms 
atrophys" HAEBLER (97) showed a picture with"a marked 

atrophy of the bones of the wrist joint" observed 8 weeks it 
after the medullary nailing of the ulnn from the olecranon, 
while there was 2 simultaneous fracture of the forearm shaft 
reduced to a satisfactory position. * plastercast had been 
applied for 4 weeks. "The very sensitive patient had hardly 
moved the elbow joint, as she felt the medullary nail below 

the skin on the elbow. 


ADDITIONAL FIELDS OF MEDULLARY NAILING. 


In the preceding chapters we showed the overwhelming 
value of medullary nailing for the treatment of simple 
fractures and the possibilities of application in the case © 
of compound fractures snd finally of gunshot froctures. : 
Another field of medullary nailing are the so-called + 
pathologic fractures, usually spontaneous fractures Beet 
developing -s a result of patholoric processes in the bone, Ba 
First of all mention must be made of the ostitis fibrosa 
cystica localisata. This Ccisease is located preiominantly 
in the upper third of the femur, and the diagnosis can 
frequently be made before n spontenesus fracture occurs, 
if early discomfort is felt. So far treatment consisted 
in the opening and scraping out of the honeycombed osseous 
cysts and of a subsequent immobilization with or without 
the insertion of bone grafts. The result of treatment is 
not always satisfactory in the lonz run, particularly if 
the cavities become obstructed avain ond the formation of 
cysts recurs. If  ostitis fibrosa is treated with the medul- 
lary nail which may be nerformec percutanesusly, no snerative 
exposure and scraping out is required even if 2 spontaneous 
fracture had occurred. The medullary nail itself accomplishes 
the opening of the cyst thus providines the escape of its 
content and in addition it »orevents the prenature obstruction 
of the cyst so that it can be filled with osseous structare and 
furthermore it serves the nurpose »f fixings and securing the 
bone liable to fracture, or of immobilizing the snontanesus 
fracture in the seme way 7s with the fracture of traumatic 
origin. This constitutes - considerable amplification of the 
treatment of this disense, mnd sinultanesusly it simplifies . 
its operation and reduces the period of inenpacity of the : 
extremity involved. BOEHLER ( 98) observed such a case in = 


See 


which a fracture occurre’ Curin= the introduction of the 
medullary nail in the range of the femur cyst. Nevertheless 
the 32 years 210 petient coul’ rise efter 5 weeks, sand alger 
6 weeks she could be dismissed from hospital. After 2 months 
the fracture was heale. and consxvlidated and the patient was 
able t2 walk without any discorfort all dey long. After 

8 months the cyst was completely renlaced by bone structure 
end the nail was removed. We treated 2 patients ourselves 
with medullary nailing, who suffere’ from spontaneous frac= 
tures due to ostitis fibrosa. 


1. Medical history: 49 years old female patient 
who in 1926 suffered 2 fracture of the right fenur 
as a result of ostitis fibrosa cystica. At that time 
a bone snlintor was rr: ited on. 17 yeers later the 
patient fell anc a fracture developed at the same 
site. In another hospital the patient was treated for 
7 months with nlaster -n’ extension bandages, but no 
healing of the fracture was achieved. When she was 
admitted to our hospital the hip anc the knee joint 
were almost comoletely stiffened. Because of the 
Stiffenine of the Hin joint snd ta eonfigm ae 
diarnosis we decided to exnos. the fracture and 
t2 perfoypm retroersde medullary nailing from the 
site of the fracture. After 10 weeks the patient 
was able to. walk without ny aid. Severel months 
later the medullery neil moved upwards (Illustration 
88) and it nushed arainst the pelvic bone so that 
in pao e> be hanneredin teeper. after 13 years the 
medullary nail was remove? in enother hosoital. We 
were informe? by the patient that she was free from 
discomfort 24 years after the operation and that 
she is able to do ell work behinde the counter of 
her own shop. 


Q b ; 
Zilustration 88 
) Patholosic frecturc in the case of ostitis fibrosa 
of femur. Contition after bone esraft anplied 17 
years avo. 
b) Cond ition efter peaeeeery noiling. Nail has 
moved unwerds. 
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2. Medical history: 4 29 year 21d man was under > 
treatment as long as 4 yerors beersuse of a tumor of the 


femur and he was »imitte:: t» sur clinic with the diag- 
nosis of “pathologic frecture”". The cissase had sen 
in with a swelling ot the lateral aspect of the Lege 


thigh and with violent prins confining him to bed. The 


tumor was irradiated for several months. The symptoms 


were slightly improvec, but finally Spontaneous perfo- 


ration oecurre: at seversl spots of the fenur and a 
brownish fluid was evacuated. In another hospital a 
large tumor wis remove’. The histolorical examination 


yielded no clear resuits. Tuberculosis could be excluded. 


It seemed to be very likely that it was a so-called 
"Drown tumor" of a benign character. Almost 2 years 
later when the patient was able to walk fairly well, 
he fell in the street snd. suffered a fracture on a 
level with the former site of the tumor. In this eon-= 
Gition he was: admitted to our hospital.In spite of 


the serous fistular secretion still »vresent we perform- 


ec percutaneous nedullary neiline on eo level with the 
fracture. As early -s 4 wecks after this onverntion the 
patient could te dismissed. Continuous’ examinations 
showed a slowly progressine form tion of callus. 

2+ years softer its introcuction the nail was removed. 
At that time the fracture wos entirely consolidated 
and the ability of the pnticnt to walk was hardly 
impaired. Leter on refracture ensued. The second 
medullary nailins was made in another hospital. Here 

a fracture of the femur neck developed simultaneously, 
most likely as a result of the alteration of the bone 
structure caused by the vathologic vrocess and the 
previous irradiation (Illustration 89). 


a b 
Illustration 69 

a) A.E., 29 years 231d, patholoric fracture 
(spontaneous febetunes of femur, most 
probably due t9 sarcoma (no definite 
histologic Ciagnosis available). 

b) Condition aftcr medullary neilinz (medullary 
nailing was nerforme’ under the assumed 
diagnosis of »stitis fibrosa). 


the preee- ous fragt 
of the femur. Now there 
is an additional freee 


which nant nrobaliyean 
caused by the second m 
Cullary nailing, after 
the first nail hed been 
removed and a spontaneou 
refracture of the femur 
had »ecurred. 


‘SCHUMANN (99) cCeserited the successful medullary n 
ing of a sviral fracture of the femur in ea patient sufferin 
from tabes dorsalis. The injuree extremity could be subject 
ec to weight-bearing 37 days after the operation. A _— 
bony cons lidation ca. 


HAASE (100) performed medullary nailing in the cou 
of a spontaneous fracture duc to metastasis of a hyverne 
roma. He was ict to make the padiheadae observation that 


direction, exclusively alone the course of the medullary 

nail. The author exnleins this nrocess with the spread of 
Tumor cells with the nail int> the depth of the medullar 
cavity, if this »»inion is right one may deduce from 1) 

that bacteria may se soread int> the medullary cavity in 
the same way. The hezgerid of infection was discussed in the 
chapter dealin with the medullary nailing of compound 
fractures. 


From the medullary nailins of fractures caused by 
malignant tumors one generally cannot exnect, more than 
a mechanical stabilization of the fractured bone by means — 
of the internal immobilization. But this is also justified 
if one bears in mind that it possibly snares the patient 
a prolonged confinement to bed with all its consequences : 
of mental depression and seneral vhysical reduction, and that 
we are at laest able t> relieve him of the pains caused b 
the fracture by immobilizing the fragments. The rare occur 
rence of such cases is tho reason why we Cisnose only of 91 
relevant observation. It refers t> a 16 year old boy who 
had suffered a snonteneous fracture in the area of a Ewing 
sarcoma of the femur (Illustration 90). Even though we wer 
not able to influence the nro*ress of the malignant bone © 
tumor, we nevertheless were successful in enabling the 
patient by medullary nailing to rise and to walk without 
discomfort. The subjective comolaints and the nursing of 
the patient could be considerably facilitated by this 
operation. 
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Medullary nailing is als» of advantage for the ad- 


justment and fixation of the lege after knee-Joint resection. 


In this case it is best t» “rive in the medullary nail from 


the middle of the tibia towards the proximal end up into the 


femur. No damage of the further course of healing Cue to the 
Spread of »nus germs into the medullary cavity was observed 
by us or by other authors (HONECKER (10). 


Illustration 90 
F.Z., 16 years 01d, Sponge 
nesus fracture of left femur 


with medullary nails 


This form of medullary nailing also permits the purpose- 


ful stiffening of joints Jestroyer by conminuted fractures 


whose restoration is beyon? ecxnectation. In such cases t99 the 


knee-joint is particularly suitaiile t»1 be stiffened by means 
of the medullary neil, 2s the straizvht axis of the leg per-= 
mits the use of straircht fenur noils (Illustration 91). 
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(Text see next paze) 


due to Ewins-sarcoma, treated 
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Illustration 91 
Pseudarthrosis of femur in the 
case of » stiffene?t knee-joint. 
Resection of pseudarthrosis and | | 
medullary neiline from the dis- hi 
tal end through the stiffened ; 
knee-joint in upward direction. 
Beginning formation of callus. 
Condition 2 years ci'tor medul- 
lery neailins. 
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